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Abstract 
The objective of this research to determine the effect of 
cement fineness under the hot dry conditions typical of building 
sites in Sudan on the properties, The development of concrete 
strength with time, heat of hydration and rate of heat dissipation 
during early days, workability and loss of workability, plastic 
shrinkage, creep and segregation. 
The rate of hydration and most cement properties depend 
on the fineness of the cement particles. The research indicated 
that increasing cement fineness increase the rate of heat 
generation. The advantage of increasing the fineness is in the 
increase of the early age strength of cement. Previous research has 
indicated that for a rapid development of strength high fineness is 
necessary. Research indicated that an increase in fineness of 
cement slightly improves the workability of concrete mix, but its 
likely to have a detrimental effect on loss of workability as cement 
with a higher rate of hydration will loose workability more 
rapidly. In addition, excessive heat of hydration in hot dry 
conditions is likely to have a damaging effect and may well lead to 
thermal cracking unless proper curing techniques are followed, 
which agree with Sudan environment.  
 Previous research has indicated that finer cement does not 
affect shrinkage of cement paste or concrete, however under the 
conditions mentioned above this may not be the case especially 
with respect to plastic shrinkage. 
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Segregation defined as separation of the constituent of a 
heterogeneous mixture so that their distribution is no longer 
uniform is which influenced by cement fineness. Research has 
indicated that bleeding of cement concrete decreased as the 
fineness increased. Its influence on construction in Sudan needs to 
be clarified and investigated. 
Previous research has indicated that creep of concrete 
increased as cement fineness increased.   
The affect of fineness between 2935 to 3512 cm2/g was 
studied in this research. The manufacturing process used dictated 
the range of fineness.   
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 ﻤﻠﺨﺹ ﺍﻟﺒﺤﺙ
 ﺍﻟﺨﺭﺴـﺎﻨﺔ ﻤـﻊ ﻓﻲﻫﺩﻓﺕ ﺍﻟﺩﺭﺍﺴﺔ ﻟﺒﺤﺙ ﺃﺜﺭ ﻨﻌﻭﻤﺔ ﺍﻷﺴﻤﻨﺕ ﻋﻠﻰ ﺘﻁﻭﺭ ﺍﻟﻤﻘﺎﻭﻤﺔ 
ﺍﻟﺯﻤﻥ، ﺤﺭﺍﺭﺓ ﺍﻷﻤﺎﻫﺔ ﺍﻟﻜﻠﻴﺔ، ﻤﻌﺩل ﻓﻘﺩﺍﻥ ﺤﺭﺍﺭﺓ ﺍﻷﻤﺎﻫﺔ، ﺘﺸﻐﻴل ﺍﻟﺨﺭﺴﺎﻨﺔ، ﻭﻗﺎﺒﻠﻴﺔ  ﻓﻘﺩﺍﻥ 
 . ﺍﻟﻤﺭﻥ ﻭﺍﻟﺯﺤﻑﺍﻻﻨﻜﻤﺎﺵﺍﻟﻨﺯﻴﻑ ﻓﻰ ﺍﻟﺨﺭﺴﺎﻨﺔ،  ﺘﺸﻐﻴل ﺍﻟﺨﺭﺴﺎﻨﺔ،
ﺹ ﺍﻷﺴﻤﻨﺕ ﺘﻌﺘﻤﺩ  ﻋﻠﻰ ﻨﻌﻭﻤﺔ ﺍﻷﺴﻤﻨﺕ، ﺍﻡ ﺨﻭ ﺇﻥ ﻤﻌﺩل ﺘﻐﻴﺭ ﺤﺭﺍﺭﺓ ﺍﻹﻤﺎﻫﺔ ﻭﻤﻌﻅ 
ﺍﻟﻬﺩﻑ ﻤـﻥ ﺯﻴـﺎﺩﺓ .  ﺃﺜﺒﺕ ﺍﻟﺒﺤﺙ ﺃﻥ ﺯﻴﺎﺩﺓ ﻨﻌﻭﻤﺔ ﺍﻷﺴﻤﻨﺕ ﺘﺯﻴﺩ ﻤﻥ ﻤﻌﺩل ﺤﺭﺍﺭﺓ ﺍﻷﻤﺎﻫﺔ 
ﻨﻌﻭﻤﺔ ﺍﻷﺴﻤﻨﺕ ﻫﻭ ﺯﻴﺎﺩﺓ ﺍﻟﻤﻘﺎﻭﻤﺔ ﺍﻟﻤﺒﻜﺭﺓ ﻟﻸﺴﻤﻨﺕ ﻟﺫﻟﻙ ﻟﻠﺤﺼﻭل ﻋﻠﻰ ﻤﻘﺎﻭﻤـﺔ ﻤﺒﻜـﺭﺓ 
ﺒﺘﺕ ﺍﻟﺩﺭﺍﺴـﺔ ﺃﻥ  ﺯﻴـﺎﺩﺓ ﻜﻤﺎ ﺃﺜ .ﻭﻋﺎﻟﻴﺔ ﺃﺜﺒﺘﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺃﻨﻪ ﻻﺒﺩ ﻤﻥ ﺯﻴﺎﺩﺓ ﻨﻌﻭﻤﺔ ﺍﻷﺴﻤﻨﺕ
 ﻭﺒﺼﻭﺭﺓ ﻤﻌﺎﻜﺴﺔ ﺘﻌﻤـل ﺯﻴـﺎﺩﺓ ﺍﻟﺨﺭﺴﺎﻨﺔﻨﻌﻭﻤﺔ ﺍﻷﺴﻤﻨﺕ ﺘﻌﻤل ﻋﻠﻰ ﺘﺤﺴﻴﻥ ﻗﺎﺒﻠﻴﺔ ﺘﺸﻐﻴل 
 ﺇﻟـﻰ  ﺒﺎﻹﻀـﺎﻓﺔ ﻤﻌﺩل ﺤﺭﺍﺭﺓ ﺍﻷﻤﺎﻫﺔ ﻋﻠﻰ ﻓﻘﺩﺍﻥ ﻗﺎﺒﻠﻴﺔ ﺘﺸﻐﻴل ﺍﻟﺨﺭﺴﺎﻨﺔ ﺒﺼﻭﺭﺓ ﺴـﺭﻴﻌﺔ 
 ﻁﻘﺱ ﺍﻟﻤﻨﺎﻁﻕ ﺍﻟﺤﺎﺭﺓ ﺘﻌﻤل ﻋﻠﻰ ﺇﺤﺩﺍﺙ ﺃﻀﺭﺍﺭﺍ ﻜﺒﻴـﺭﺓ ﻓﻲﺍﻟﺯﻴﺎﺩﺓ ﺍﻟﻜﺒﻴﺭﺓ ﻟﺤﺭﺍﺭﺓ ﺍﻷﻤﺎﻫﺔ 
 ﺘﺸﻘﻘﺎﺕ ﺤﺭﺍﺭﻴﺔ ﻤﻤﺎ ﻴﺘﻁﻠﺏ ﻤﻌﺎﻟﺠﺔ ﺠﻴﺩﺓ ﻟﻠﺨﺭﺴﺎﻨﺔ ﻭﻫﺫﺍ ﻤﺎ ﻴﺘﻭﺍﻓـﻕ ﻤـﻊ ﺤﺩﺍﺙ ﺇ ﺇﻟﻰﺘﺼل 
  .ﻅﺭﻭﻑ ﺍﻟﺴﻭﺩﺍﻥ ﻤﻥ ﻨﺎﺤﻴﺔ ﺍﻟﻁﻘﺱ ﺍﻟﺤﺎﺭ ﺍﻟﺠﺎﻑ
 ﺍﻟﻤﺭﻥ ﻟـﻴﺱ ﺒﺎﻟﺩﺭﺠـﺔ ﺍﻻﻨﻜﻤﺎﺵ ﻋﻠﻰ ﺍﻷﺴﻤﻨﺕﺘﻁﺭﻕ ﺍﻟﺒﺤﺙ ﺇﻟﻰ ﺃﻥ ﺘﺄﺜﻴﺭ ﻨﻌﻭﻤﺔ 
  .ﺍﻷﻤﺭ ﺍﻟﻔﻘﺭﺓ ﺍﻟﺴﺎﺒﻘﺔ ﻴﺨﺘﻠﻑ ﻓﻲﺍﻟﻜﺒﻴﺭﺓ ﻭﻟﻜﻥ ﻤﻊ ﺍﻟﻅﺭﻭﻑ ﺍﻟﻤﻭﻀﺤﺔ 
 ﺍﻟﺨﺭﺴﺎﻨﺔ ﺤﻴﺙ ﺃﻭﻀـﺢ ﻓﻲ ﺃﺜﺭ ﻨﻌﻭﻤﺔ ﺍﻷﺴﻤﻨﺕ ﻋﻠﻰ ﺍﻟﻨﺯﻴﻑ ﺇﻟﻰﻕ ﺍﻟﺒﺤﺙ ﻜﻤﺎ ﺘﻁﺭ 
 ﺍﻟﺨﺭﺴﺎﻨﺔ ﻴﻘل ﻤﻊ ﺯﻴﺎﺩﺓ ﻨﻌﻭﻤﺔ ﺍﻷﺴﻤﻨﺕ ﻭﺃﻭﺼﻰ ﺍﻟﺒﺤﺙ ﺒﻤﺯﻴـﺩ ﻤـﻥ ﻓﻲﺍﻟﺒﺤﺙ ﺃﻥ ﺍﻟﻨﺯﻑ 
  . ﻅﺭﻭﻑ ﺍﻟﺴﻭﺩﺍﻥﻓﻲ ﺍﻟﻨﺯﻑ ﻓﻲﺍﻟﺩﺭﺍﺴﺔ 
 ﻭﺃﺜﺒﺘـﺕ ﺍﻟﺨﺭﺴﺎﻨﺔ ﺇﻟﻰ ﺃﺜﺭ ﻨﻌﻭﻤﺔ ﺍﻷﺴﻤﻨﺕ ﻋﻠﻰ ﺍﻟﺯﺤﻑ ﻓﻰ ﺃﻴﻀﺎﻜﻤﺎ ﺘﻁﺭﻕ ﺍﻟﺒﺤﺙ 
  . ﺍﻷﺴﻤﻨﺕ ﻴﺯﻴﺩ ﻤﻊ ﺯﻴﺎﺩﺓ ﻨﻌﻭﻤﺔ ﺍﻟﺨﺭﺴﺎﻨﺔ ﻓﻲﺤﻑ ﺍﻟﺩﺭﺍﺴﺔ ﺃﻥ ﺍﻟﺯ
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CHAPTER ONE 
INDRODUCTION 
 
1.1 Background 
 The reduction of the clinker to a very fine state of division 
by grinding is usually considered to increase its value as a 
cementing material in two ways. Firstly, a fine powder is able to 
coat the surfaces of grains of sand or other inert material more 
completely than a coarse one, so that a more intimate contact of 
the components of the mortar is assured. Secondly, the reaction 
between cement and water takes place only at the surface of the 
solid particles, further action being hindered by the accumulation 
of the products of the reaction coating the unattacked material. 
Hence the more finely ground a cement, and the greater the 
surface exposed in proportion to its mass, the more rapid is the 
rate of hydration and the greater is the proportion of the cement 
which reacts. (1) 
  The rate of hydration depends on the fineness of the cement 
particles and, for a rapid development of strength, high fineness is 
necessary. However a higher early rate of hydration means, also a 
higher rate of early heat evolution. (2) 
 This is not suitable for hot dry Sudan conditions, as hot 
weather concreting problems are associated with the increased 
rate of cement hydration and evaporation of moisture from fresh 
concrete, which both increase the water demand. The increased 
rate of cement hydration causes the concrete temperature to rise 
and slump loss to increase. Also, the fresh concrete will set in 
shorter amount of time compared to normal conditions. The quick 
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setting decreases workability during handling, consolidating, and 
finishing. 
 Most of investigations of the effect of Blaine fineness of 
cement on its properties are conducted under cold weather or 
controlling conditions such as normal temperature, concrete 
temperature, humidity, and exposure to sun and wind during 
concrete mixing and curing. Sudanese conditions that must be 
considered are high air temperature (45-48°C), high concrete 
temperature, low relative humidity (18-22 %), wind exposure, and 
solar radiations exposure. So beside studies of effect of fineness of 
cement on concrete properties hot weather and local Sudanese 
conditions must be considered to prevent undesirable concrete 
properties due to finer cement particularly as cement 
manufacturer recently tend to produce much finer cements. (3) 
 The grinding is usually done in modern plants in three or 
four large compartment tube mills, which are usually water-
cooled in order to help to dissipate the head generated. A small 
quantity of gypsum is added during grinding to control the 
setting, and the finely ground cement passes to silos from which its 
drawn for packing. 
 There exist several specially manufactured cements, which 
are particularly rapid hardening. One of these, so-called ultra 
high early strength cement. This type of cement is not 
standardized but rather supplied by individual cement 
manufacturers. (2) 
1.2 Cement industry in Sudan 
The history of cement industry started in the Sudan at the 
time when it was planned to build Sennar Dam in the early 
twenties, of this century and for that purpose a small scale cement 
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factory had been erected in the vicinity of the dam which had been 
dismantled directly after the construction of the dam. (4)         
In 1947 Portland cement factory at Atbara was built. Its 
first production line started at 1949 with designed nominal 
capacity of 150 Ton/day of clinker, giving about 40,000 tons 
annually. (5) This plant was extended in 1961 by adding a second 
production line of nominal production capacity of 500 tons/day i.e. 
140,000 tons/year. (4) In November 1960 the Industrial Bank as 
well as Ministry of Industry cooperated with some other investors 
to establish the Nile Cement Company at Rabak. Erection of the 
machinery was completed in 1965. After 1965, the company faced 
serious problems related to the availability of limestone, lack of 
adequate crushing mill and some other financial problems; 
accordingly the firm was not able to start operation before 1981. 
The designed capacity of the production line was intended to be 
120,000 tons/year. 
 In 1976, Atbara Cement Co. Ltd. signed a contract with 
F.L. Smidth and Co. A/S, Denmark, for a supply of a complete 
production line with a designed nominal capacity of 750 tons/day 
that gives an additional production capacity of 200,000 tons. 
Rehabilitation, as well as establishing new production line was 
planned aiming to contribute substantially to increase the future 
cement production as follows. (6) 
-Rehabilitation of Atbara cement production line 2 
-Extension of Nile Cement Co’s – with a new production line with 
a designed capacity of 300,000 tons/year.  
 These projects are now under executions. For the Nile 
Cement extension project, the civil work is about to commence 
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and 70 % of the equipment of the extension is already at site. 
Production is expected to start in two years time. (7) 
 The possibilities of construction of new cement plant in 
Derudeb, with designed capacity of 600,000 tons/year are now 
under consideration. A feasibility study has been carried out, and 
the financing of the project is under negotiations. (8) 
 Similary a new cement plant near El Semaih village, north 
of Kordofan Estate of 150,000-tons/year output is under study. (9) 
The construction of mini cement plant in Kapoeta, Equatoria 
Estate (of 60,000-tons/year output) was studied several times, and 
the establishment of this plant was postponed due to the instability 
in the southern region. (10) 
1.3 Cement production in Sudan 
The designed cement production capacities for the two existing 
factories, Rabak and Atbara are 480,000-ton/year. (7) After the 
completion of the production line number two at Rabak factory 
the total cement capacity will increase to 780,000-ton/year. (7) 
After rehabilitation of Atbara production line number one and 
the erection of the new cement plants in the country, namely 
Derudeb, Simaih, and Kapoeta, the total cement production 
capacity would be 1,630,000 ton/year. (7) 
The actual cement production for the two factories Rabak and 
Atbara for the last twenty years is shown on table 1.1 and table 
1.2 respectively. 
Table (1.1): Rabak Cement Factory Production 
Year Prod. /ton Year Prod/ton. 
1971 32204 1983 81092 
1972 45171 1984 85816 
1973 55573 1985 71827 
1974 50508 1986 58344 
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1975 35347 1987 71194 
1976 37233 1988 61699 
1977 36994 1989 30477 
1978 55689 1990 43249 
1979 52674 1991 66425 
1980 42979 1992 57218 
1981 22293 1993 54548 
1982 41390   
 
Table (1.2): Atbara Cement Factory Production 
Year Prod in ton Year 
Prod in 
ton. Year 
Prod in 
ton. Year 
Prod in 
ton 
1949 15,500 1959 93,000 1969 170,000 1979 129,674 
1950 30,000 1960 91,000 1970 174,000 1980 128,108 
1951 37,000 1961 82,000 1971 145,000 1981 126,465 
1952 42,000 1962 102,000 1972 148,000 1982 150,777 
1953 36,000 1963 116,000 1973 154,000 1983 113,571 
1954 40,000 1964 91,000 1974 147,000 1984 88139 
1955 62,000 1965 49,000 1975 130,000 1985 71640 
1956 64,000 1966 104,000 1976 140,000 1986 127023 
1957 58,000 1967 131,000 1977 86,000 1987 70806 
1958 88,000 1968 148,000 1978 129,000 1988 117195 
      1989 126360 
 
 1.4 Hot Weather Concreting 
         Hot weather may be defined as any period of high 
temperature in which special precautions need to be taken to 
ensure proper handling, placing, finishing and curing of concrete. 
Hot weather problems are most frequently encountered in the 
summer, but the associated climatic factors of high winds and dry 
air can occur at any time, especially in arid or tropical climates. 
Hot weather conditions can produce a rapid rate of evaporation of 
moisture from the surface of the concrete, and accelerated setting 
time, among other problems. Generally high relative humidity 
tends to reduce the effects of high temperature. 
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Its important that hot weather be taken into account when 
planning concrete projects because of the potential effects on fresh 
and recently placed concrete. High temperatures alone cause 
increased water demand, which, in turn, will raise the water-
cement ratio and yield lower potential strength. Higher 
temperatures tend to accelerate slump loss and can cause loss of 
entrained air. Temperature also has a major effect on the setting 
time of concrete: concrete placed under high temperatures will set 
quicker and can, therefore, require more rapid finishing. 
Concrete that is cured at high temperatures will not be as strong 
as the same concrete cured at more moderate (21°C) 
temperatures. 
High temperatures, high wind velocity, and low relative 
humidity can affect fresh concrete in two important ways: the 
high rate of evaporation may induce early plastic shrinkage or 
drying shrinkage cracking, and the evaporation rate can remove 
surface water necessary for hydration unless proper curing 
methods are employed. Thermal cracking may result from rapid 
drops in the temperature of the concrete, such as when concrete 
slabs or walls are placed on a hot day followed by a cool night. 
High temperature also accelerates cement hydration and 
contributes to the possibility for cracking in massive concrete 
structures. (11) 
1.5 Heat of hydration. 
         When Portland cement is mixed with water, heat is liberated. 
This heat is called the heat of hydration, the result of the 
exothermic chemical reaction between cement and water. The 
heat generated by the cement’s hydration raises the temperature 
of concrete. 
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 During normal concrete construction, the heat is dissipated 
into the soil or the air and resulting temperature changes within 
the structure are not significant. However, in some situations, 
particularly in massive concrete structures, such as dams, mat 
foundations, or any element more than about a meter thick, the 
heat cannot be readily released. The mass concrete may then 
attain high internal temperature, especially during hot weather 
construction or higher fineness of cement; have higher rates of 
heat generation than other cements. Higher fineness provides a 
greater surface area to be wetted, resulting in an acceleration of 
the reaction between cement and water. This causes an increase in 
the rate of heat liberation at early ages. These temperature rises 
cause expansion while the concrete is hardening. If the 
temperature rise is significantly high and the concrete undergoes 
nonuniform or rapid cooling, stresses due to thermal contraction 
in conjunction with structural restrained can result in cracking 
before or after the concrete eventually cools to the surrounding 
temperature.  
1.6 Problems of hot weather concrete. 
         The properties of both fresh and hardened concrete are 
affected by hot weather conditions. The primary problems in hot 
weather concreting relate to the increased rate of cement 
hydration and evaporation of moisture from fresh concrete, which 
both increase the water demand. The increased rate of cement 
hydration causes the concrete temperature to rise and slump loss 
to increase. Also, the fresh concrete will set in a shorter amount of 
time compared to normal conditions. The quick setting decreases 
workability during handling, consolidating, and finishing. A 
major problem with fresh concrete in hot weather is plastic 
(12)
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shrinkage, which occurs during curing when the rate of 
evaporation is greater than the bleeding rate. Cracks develop on 
the concrete surface because the surface moisture evaporates 
causing it to dry and shrink before adequate tensile strength is 
developed. The evaporation rate depends on environmental 
condition, especially concrete temperature, humidity, and wind 
speed. How ever, the bleeding rate mostly depends on concrete 
ingredient and proportions. 
Often the problems affecting fresh concrete can lead to problems 
with hardened concrete. For example, the increased water 
demand of fresh concrete can reduce the ultimate strength and 
increase permeability of hardened concrete. Permeability can also 
be increased as a result of improper curing and mixture 
proportioning. In addition to increased permeability, the 
durability of hot weather concrete is decreased by the presence of 
cracks caused by drying shrinkage and thermal gradient. The 
severity of thermal cracking depends on the difference between 
the peak concrete and ambient temperatures and the rate at 
which the concrete cools to the ambient temperature. The larger 
the temperature difference and the faster the concrete is cooled, 
the more extensive thermal cracking will be. Another problem is 
that the surface appearance of hardened concrete can be varied in 
color or texture due the different cement hydration rates and 
water -to-cement ratios within the structure. The effect of curing 
temperature on concrete compressive strength can be seen that, 
while the early strength is increased with increased curing 
temperatures, the ultimate strength is decreased. The early 
strength gain is due to the increased rate of cement hydration, 
which provides concrete strength. Inadequate curing procedures 
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in conjunction with elevated curing temperatures can amplify the 
reduction of concrete strength by not allowing completion of the 
cement hydration process. (3) 
1.7 Mass concrete. 
Any volume of concrete with dimensions large enough to 
require that measures be taken to cope with the generation of heat 
and attendant volume change to minimize cracking. 
The rate and magnitude of heat generation of the concrete 
depends on the amount per unit volume of cement, the compound 
composition and fineness of cement, and on the temperature 
during hydration of the cement. The hydration temperature is 
affected in turn by the amount of heat lost or gained as governed 
by the size and exposure conditions of the member. Thus, it can be 
seen that the exact temperature of the concrete at any given time 
depends on many variables. 
The rate of heat generation as affected by initial 
temperature, member size, and environment is difficult to assess 
because of the complex variables involved. How ever for large 
concrete members, it’s advisable to compute their temperatures, 
and ambient temperature. 
The strength of concrete that controls the critical volume change 
for proportioning crack-control reinforcement may occur either 
during the first 7 days following placement or after a period of 3 
to 6 month’s, depending primarily upon peak temperature. If the 
cracking on initial cooling exceeds that of the seasonal 
temperature drop, the critical volume change will occur during 
the first week. 
When the critical volume change is seasonal, some 
allowance should be made for the strength gain beyond 28 days at 
 99
the time of cracking. The strength gain from 28 days to 90 and 180 
days. (13) 
Plastic shrinkage cracks appear in the surface of fresh 
concrete soon after its placed and while its still plastic. These 
cracks appear mostly on horizontal surfaces. They are usually 
parallel to each other on the order of 30.5 to 91.4 centimeters 
apart, relatively shallow, and generally do not intersect the 
perimeter of the slap. Plastic shrinkage cracking is higher likely to 
occur when high evaporation rates cause the concrete surface to 
dry out before it has set. (14) 
Creep is related to a number of factors, including elastic 
modulus at the time of loading, age and length of time under load. 
Although creep plays a large part in relieving thermally induced 
stresses in massive concrete, it plays a lesser role in thinner 
concrete sections where temperature changes occur over a 
relatively short of time period. Its primary effect is the relief of 
drying shrinkage stresses in small elements. In general, when 
maximum temperature changes occur over a relatively short time 
period, creep can only slightly modify temperature stresses. (14) 
1.8 Objectives 
  The objective of this research is to determine the effect of 
cement fineness on the following properties, under laboratory and 
hot dry conditions typical of building sites in Sudan. 
- The development of concrete strength (compressive) with time. 
- Heat of hydration and rate of heat dissipation during early days. 
This will involve developing a suitable technique for determining 
the heat of hydration.  
- Workability and loss of workability.  
- Segregation. 
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- Plastic shrinkage; and 
- Creep 
The research will then attempt to determine optimum 
fineness for hot dry condition typical in Sudan.    
1.9 Experimental Program 
In conjunction with Nile Cement Company-Rabak ،
cement-satisfying BS12/1996 with three levels of fineness 2935, 
3201, 3512 cm2/g and the same gypsum contents will be produced. 
Compressive mortar cube 
The average compressive strength of mortar cubes, 
prepared, stored and tested at different ages. 
Total heat of hydration: 
          Measuring the heat of solution of unhydrated & hydrated 
cement in mix of nitric and hydrofluoric acid. Test will be under 
laboratory conditions using a calorimeter.  
- Determination of heat capacity of calorimeter 
- Determination of heat of solution of unhydrated cement  
- Determination of the heat of solution of the hydrated cement  
- Determination of heat of hydration 
 Rate of heat dissipater 
Determinate the rate of heat of dissipation using digital 
thermo-couple and vacuum flack. Cement paste will be made and 
casted into vacuum jack with sensors.  
Measurement of workability 
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Slump test will be used to detecting variations in the 
uniformity of a mix of different cement level of fineness for three 
samples.  
Plastic shrinkage 
         This will measure the volume change for cement concrete in 
an early stage of their hardening using dial gauge to measure 
volume change. The investigated mixture will be made of concrete 
as a prism.  Measurements will be carried out at laboratory and 
external conditions. 
Creep 
A loading system for creep tests will constructed to be able 
to maintain a constant known stress with a minimum of 
maintenance and subsequent manual adjustment, and should 
ensure a uniform stress distribution over the cross-section of the 
specimen (concrete cylinder) without requiring an unduly heavy 
frame. Gauges will measure the change in deformation with time 
under load.    
Segregation 
The effect of fineness of cement on bleeding rate and 
bleeding capacity for different vibration durations will be 
assessed. 
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Chapter two 
Literature review 
 
2.1 Introduction 
             Until the late 1930´s Portland cement used, was quite 
coarse when compared with cement presently in use. Until 1933 
the standard method of describing fineness was a determination of 
the amount passing a NO. 200 sieve. Development of more 
sophisticated methods of measurement, such as the Blaine fineness 
meter, encouraged closer scrutiny of cement fineness. The effect of 
fineness on some properties has been established while for other 
still there are conflicting results. More over, fineness is still just a 
number describing the total surface area of particles in a gram of 
cement. Since the grading of cements having the same specific 
surface may vary widely, a practical method for determining the 
gradation would make it feasible to study the effects of particle 
size of cement on properties of concrete. It might then be possible 
to specify and obtain cement with an optimum grading for a 
specific use. (5) 
           This chapter discusses principal results of the studies and 
observations of cement fineness during the past years.            
2.2 The Manufacture Process 
The process of cement manufacture consists in the 
incorporation of the raw materials to form a homogeneous 
mixture, the burning of the mix in a kiln to form a clinker, and the 
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grinding of the clinker with addition of a small proportion of 
gypsum to a fine powder. Two processes, known as the wet and 
dry process according to whether the raw materials are ground 
and mixed in a wet or dry condition, are used. In addition to these 
process is the semi-dry process, where the raw materials are 
ground dry and then mixed with 10-14% water and formed into 
nodules. The wet process was originally used for very friable 
materials such as chalk and clay and slates extended to the harder 
milestones and shale’s. For many years the process was preferred 
because of the more accurate control of the raw mix, which was 
possible with it. With improved control, there has been aswing 
back to dry process, for less fuel is required for burning than in 
the wet process (4). Modern developments in the dry mixing of 
powdered materials have, moreover, now removed the 
disadvantage of the dry process. 
In the dry process the raw materials are crushed, dried in 
rotary driers, proportioned, and then ground in the tube mills 
consisting or rotating steel cylinders containing a charge of steel 
balls or other girding media. They are often divided into two, or 
three or even four compartments containing balls of different 
sizes. The mills are continuous in operation, being fed at one end 
and discharge of the ground material at the other. Two mixes, one 
high and low in lime, are often prepared and blended in the 
required proportions in a silo with vigorous air circulation the dry 
powder is to the kiln. (4) 
In manufacture by the wet process, the methods differ 
somewhat with nature of the raw materials. When chalk and marl 
are used the raw materials are broken up and incorporated in 
wash mills. These usually consist of circular pits lined with bricks 
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or concrete and containing grating in the walls through which the 
raw materials can pass when reduced to a sufficiently fine 
condition. The chalk and clay are fid in the required proportion to 
the wash mill together with sufficient water to form a liquid of 
creamy consistence. A number of radial arms attached to a 
vertical spindle carry iron rakes, which break up the lumps of 
solid matter as the arms revolve. The solid material is reduced to 
a fine state of division and passes as slurry thorough the screens in 
the walls of the pit. The flints present in the chalk remain at the 
bottom of the wash mill are removed periodically. In modern 
practice the raw materials are usually further reduced in size by 
treatment in another wash mill with finer screen, in centrifugal 
screening mills, or by passage through a tube mill. When the raw 
materials are harder limestones and shales the wash mill is 
inadequate to effect the reduction. The raw materials are in such 
cases crushed and fed to large tube mills and water added to the 
mill in the amount required to form the slurry. When hard 
limestone and clay are the raw materials. The finished slurry does 
not usually contain more than a few percent of material remaining 
on a 170 mesh, and its water content varies from 35 to 45% with 
different raw materials. The slurry is pumped to the slurry tanks 
or basins in which both rotating arms and agitation by 
compressed air are used to keep the mixture homogenous. The 
proportion of lime in tube mills is adjusted periodically, as 
required. Final adjustments of the composition is often obtained 
by blending the slurry from two basin, one of which is kept 
slightly high and one slightly low in lime. In some plants more 
elaborate blending systems are practised, using a number of 
slurry basins, blending tanks and final storage tanks. (5)  
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            The rotary kiln in which the cement is burnt at 1300-1500 
ºC is a long cylinder rotating on its axis and inclined so that the 
materials fed in at upper end travel slowly to the lower end. Here 
the fuel, pulverized coal, oil or natural gas is blown in by an air 
blast and ignited. In the upper part of the kiln chains are fixed to 
assist in the transfer of heat from the kiln gases to the raw 
materials. The slurry is dried in the upper of the kiln and the 
water driven off as steam, and then, as it descends the kiln, the 
dried slurry undergoes a series of reaction, forming in the most 
strongly heated zone hard granular masses, mostly from 3.17 to 
19.05 mm in diameter, known as clinker. 
           At the lower end of the kiln the clinker passes into coolers. 
In the older plants these consist of rotating steel cylinders 
arranged usually underneath the rotary kiln, but in most modern 
plants they form a composite part of the kiln. In these case they 
consist of series of cylinders parallel with body of the kiln and 
arranged around its periphery. The clinker often passing 
thorough the hottest zone in the kiln falls into them thorough 
openings in the walls of the kiln. In these cylinders, which revolve 
with the kiln, are hung loose chains which cause the particles of 
clinker to fall in cascade thus being brought with the current of 
cold air which is drown through. Grates serving both transport 
and cooler are often favoured. These are enclosed in an air tight 
casting and a controlled amount of air is drawn from the coolers 
and used for the combustion of the coal fuel, and providing an 
economical exchange of heat. The comparatively cool clinker then 
falls on to conveyers and is transferred to storage hoppers or 
passed direct to the grinding mills.   
2.3 Effect of Blaine Fineness on Strength                          
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SARKER(15) investigated, the effect of Blaine fineness 
reversal on the strength of mortar made from two cements and 
determining the factors influencing their strength development 
patterns. Types 10(ASTM type 1), and type 30(ASTM type III) 
cement mortars and their reversed blain fineness counterparts 
were prepared, with focus on their heat evolution compressive 
strength, SEM examination, and XRD, analysis. Results indicated 
that cement fineness played dominant roles in the strength 
development pattern. To do so, samples of both types were 
prepared to the each other’s specifications, grinding and gypsum 
content. 
Table (2.1): The effect of Blaine fineness reversal on the strength 
(15)  
Compressive strength of mortars 
(MPa) 
Cement 
type 
Blaine 
fineness    
cm2 /g 1 day 3 days 7 days 28 days 
10R 4800 16.1 29.1 34.7 46.0 
30R 3180 9.5 19.4 26.9 36.7 
 
As indicated in Table (2.1) the 1-day compressive strength 
of the type 10R is more than twice that of the type 30R, with 
3,7,28 days compressive strength following the same trend. 
PETER WRIGHT (26), indicated, that the finer the cement, 
the faster it sets, and the faster compressive strength is gained. 
Results are illustrated on Figure (2.1)                
JACKSOON, (17) reported, the influence of cement on 
concrete strength, for given mix proportions, is determined by its 
fineness and chemical composition through the processes of 
hydration. The gain in concrete strength as the fineness of its 
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cement particles increases is shown in Figure (2.2). The gain in 
strength is most marked at early ages and after 28 days the 
relative gain in strength is much reduced. At some later age the 
strength of concrete made with fine cements may not be very 
different from that made with normal cement (300-m2 kg-1).  
W. H. PRICE, (1) reported, it has long been known that the 
more finely a cement is ground the greater is the strength, and 
particularly the early strength, it yields. Results are shown in 
Figure (2.3). 
As general NEVILLE (2) seen that fineness is a vital property 
of cement and has to be carefully controlled, and he reported, the 
rate of hydration depends on the fineness of the cement particles, 
and for a rapid development of strength high fineness is necessary 
Figure (2.4) Neville (2) continue in his fourth and final edition, 
there exist several specially manufactured cements, which are 
particularly rapid hardening. One of these, so-called ultra high 
early strength cement. This type of cement is not standardized but 
rather supplied by individual cement manufacturers. Generally, 
the rapid strength development is achieved by grinding the 
cement to a very high fineness 7000 to 9000 cm2/g. because of this, 
the gypsum content has to be higher (4 per cent expressed as SO3) 
than in cements complying with ENV 197-1: 1992, but in all other 
respects the ultra high early strength cement satisfies the 
requirements of that standard. It can be noted that the high 
gypsum content has no adverse effect on long-term soundness as 
the gypsum is used up in the early reaction of hydration. 
The effect of the fineness of cement on the development of 
the strength is illustrated in Figure (2.5). Neville continue high 
fineness leads to rapid hydration, and therefore to a high rate of 
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heat generation at early ages and to a rapid strength development; 
for instance, the 3 days strength of rapid –hardening Portland 
cement is reached at 16 hours, and the 7 days strength at 24 
hours. There is, however, little gain in strength beyond 28 days. 
 From studies conducted by HIGGINSON, E. C (16) over a 
period of many years by several different engineers and 
technicians using standard test methods, typical compressive 
strengths obtained for both air-entrained and non-air entrained 
are plotted in Figure (2.6) the 28 days compressive strength of the 
concrete increased as the fineness of the cement increased, with 
about a 1200-psi difference between the coarsest and finest tested 
in the nonair-entrained concrete series. The difference in 
compressive strength due to difference in fineness of the cement 
was considerably less pronounced at 1year age.  
BENNET & COLLINGS reported tests to compare the 
strength of special cement ground to fineness of 7420 cm2/g with 
ordinary Portland cement and rapid hardening Portland cement 
of fineness 2770 cm2/g and 4900 cm2/g the aggregate/cement ratio 
was 3:1 and water/cement ratio was 0.40, the very fine cement 
gave a marked increase in strength at age up to 3 days and also 
was stronger even after one year.              
W.H. TAYLOR (31) reported in other published work, that, 
an increase in the rate of hardening and strength development of 
concrete is obtained by increasing the fineness of grinding of 
Portland cement. Its specific surface area is doubled, the 3 days 
strength of concrete is doubled and the 28 days strength is 
increased by 50 percent. 
SANJAY AGARWAL(18), reported, after seven years of 
research on the effect of fineness on cement, the starting point of 
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research was that the same clinker ground in a laboratory ball 
mill at 2500 Blaines that gave a 3 day strength of 13.8 MPa 
touched a whooping 45.2 at 4500 Blaines. How ever the heat of 
hydration too increased exponentially.  
JAPANESS SPECIFICATION (42) for cement shown 
relationship between Blaine fineness of ordinary, high early 
strength and super-high early strength cement and 1day, 3 days, 
7days and 28 days compressive strength, results are shown in 
Table (2.2)        
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2.4 Effect of Cement Fineness on Heat of Hydration and Rate of Heat 
Dissipation.  
NEVILLE(2) indicated that the rate of hydration depends on 
the fineness of the cement particles, a higher early rate of 
hydration means, of course, also a higher rate of early heat 
evolution. An increase in fineness increase the amount of gypsum 
required for proper retardation because, in finer cement, more 
C3A is viable for early hydration. The fineness of the cement also 
influences the rate of heat development, an increase in fineness 
speeding up the reaction of hydration and therefore the heat 
evolved. Also NEVILLE reported that, the total amount of heat 
evolved is not affected by the fineness of cement. 
CONCRETE TECHNOLOGY TODAY (12) reported, from 
the factors affecting heat of hydration, higher fineness, such as 
type III cements, have higher rates of heat generation than other 
cements Table (2.3). Higher fineness provides a greater surface 
area to be wetted, resulting in an acceleration of the reaction 
between cement and water. This causes an increase in the rate of 
heat liberation at early ages, but may not influence the total 
amount of heat developed over several weeks. Figure (2.9)   
ORCHARD D.F (21) reported, the fineness of cement has an 
important effect on it is properties, the finer the cement the 
quicker the rate of hardening and the greater is heat evolution at 
early ages. ORCHARD agreed with NEVILLE that the fineness of 
grinding does not affect on the total heat evolved but only the rate 
at which that heat is evolved. 
AKROYD (22) reported that the effect of fineness on heat of 
hydration is to increase the rate of hydration of the cement. 
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  In the report of federal high way administration, FHWA (34) 
indicated that, the fineness of the cement affects the rate of 
hydration. Greater fineness increases the surface available for 
hydration, causing greater early strength and more rapid 
generation of heat. 
Report by ACI committee (13), indicated that the rate of 
magnitude of heat generation of the concrete depends on fineness 
of cement and others factors, report explained the fineness of 
cement also affects the rate of heat generation more than it affects 
the total heat generation. Rate of heat generation is illustrated in 
Figure (2.7). 
ORCHARD D.F (21), reported, a comparison between the 
total heats of hydration at different ages of different kinds of 
cements is given Table (2.4) the data given by different authorities 
are somewhat conflicting due no doubt to the variable nature of 
cements and this table represents the best average that can be 
compiled. Table (2.4) showed heat of hydration at different ages 
for ordinary Portland cement. 
Table (2.4): Comparison of total heat of hydration of different 
kinds of Cement (21)                   
Heat of hydration in cal. Per gram at ages of 
Type of cement  
1 
 day 
2  
days 
3 
 days 
7 
days 
28  
days 
90 
 days 
Rapid hardening  
Portland 35-71  45-89 51-91 70-100  
Ordinary Portland 23-46 29-53 42-65 47-75 66-94 80-105 
Modified Portland   50 60 72 80 
Low heat Portland  
Cement   45 55 65 75 
Portland blast- 
Furnace 20-26 28-47 30-62 40-70 70-85 75-90 
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Supersulphate    38 42  
High-alumina 77-93  78-94 78-95   
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2.5 Workability and Loss of Workability 
From the studies conducted by HIGGINSON, E. C (16), that, 
to determine if fineness of cement affected the air-void content of 
non-air entrained concrete, this property thoroughly evaluated. 
Variation in the percentage of air voids showed no definite trend 
correlation with fineness of cement; how ever, the workability of 
the concrete increased as the fineness increased. The very fine 
cements produced a fat, sticky concrete. In air entrained concrete 
the effect of fineness of cement on workability of the concrete is 
very much less pronounced than in concrete containing no 
entrained air. Its almost impossible to observe changes in 
workability with changes in workability with changes in cement 
fineness. Cement fineness also has an immeasurable effect on air 
entrainment and the air void system in air- entrained concrete.  
JOSEPH J. WADDELL (19) reported differences in the 
fineness of cement affect the workability of the concrete. Using a 
cement ground to approach the upper limit of fineness, that is, 
finer cement increases the workability, especially of harsh mixes. 
The mix is more cohesive, and the tendency of the concrete to 
segregate and bleed is reduced. Conversely, coarse-ground cement 
reduces stick ness of the mix.                
MURDOCK and BLACKLEDGE (30) reported, fineness of 
grinding is of some importance in relation to the workability of 
concrete mixes. While claims that an increase in fineness of 
cement results in a reduction in the water/cement ratio required 
to produce a given consistence are open to doubt, it has been 
established that greater fineness improves the cohesiveness of 
concrete mix. 
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ORCHARD (21) agreed with MURDOCK and reported that, 
the fineness of cement has an effect on the workability of the 
concrete, an increase in the fineness of the cement increases the 
cohesiveness of the concrete mix. 
On the other hand NEVILLE (2) reported about effect of 
cement fineness on workability as a minor factors. 
HIGGINSON (16) reported that, increasing the cement 
fineness increases the workability of nonair-entrained concrete. In 
air-entrained concrete the effect of fineness of cement on 
workability is very much less pronounced. 
AHMED A.A & ABDELKAREM M.A (32) reported that 
fineness of grinding affect workability of concrete, finer cement 
improving concrete mix and consistency. 
2.6 Segregation 
From the studies conducted by HIGGINSON, E. C (16), the 
results of all tests show a direct relationship between the bleeding 
and settlement of concrete and the fineness of the cement used. 
Figure (2.10) shows the amount of bleeding for various cements 
tested in a study conducted before air entrainment was known. In 
the coarse range, the bleeding drops off very suddenly as the 
fineness of the cement increases, with the diminishing effect as its 
increased above 4300cm2/g. Figure (2.11) show the rate of bleeding 
for each fineness of cement tested. Bleeding of concrete containing 
the finest cements virtually stopped at 2-h age, where as bleeding 
continued for more than 3 h when the coarser cements were used.  
Bleeding was not much in evidence during the fabrication of 
laboratory specimens, but at 1 day’s age, when the specimens 
were brought from the fog room for removal of the molds it was 
often noted that considerable settlement had taken place in the 
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concrete containing the coarsest cements, and that less settlement 
occurred as the fineness of the cement increased. With those 
cements ground to a fineness of approximately 4300cm2/g, no 
settlement could be noted by visual examination. Specimens 
containing the finest cements actually showed a slight expansion. 
  TREVAL C. POWERS (20), reported, Table (2.6) is an 
example of the relationship between the specific surface area of 
the cement, water content, and bleeding rate. The data pertain to 
four cements prepared from the same clinker. Table (2.6) shows 
that the bleeding rates depend on the specific surface area of the 
cement and the water content of the paste. It shows also that 
normal bleeding is obtained only when the bleeding rate is less 
than perhaps 220 × 10 -6 cm/ sec; that is to say, at higher rates 
channels develop and surface craters appears. 
And about bleeding capacity of cement paste, POWERS (20), 
reported, as in shown in Figure (2.13) the bleeding capacity of 
cement paste is greater the higher the water content, and at a 
given water content its greater the lower the specific surface area 
of the cement.               
HIGGINSON E.C (16) reported that, the results of all tests 
show direct relationship between the bleeding and settlement of 
concrete and the fineness of the cement used, increasing the 
fineness of cement reduces the amount of bleeding in concrete. 
This is more pronounced for concrete containing non-entrained 
air. Also reported, increase the fineness of cement from 2700 to 
about 4000cm2/g reduce the water requirement of concrete. 
Increasing the fineness of cement beyond an optimum limit 
increases the water requirement of concrete. HIGGINSON noted 
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that very coarse cement under some conditions could cause a 
serious bleeding problem on some construction projects. 
AHMED A.A &ABDELKAREM M.A (32) reported that, an 
increase the fineness of cement reduces the water requirement of 
concrete. 
Also in this way J.B SIRSIM (27) reported, finer ground cement 
with a rich cement concrete mix avoided bleeding. 
NEVILLE (2) agreed with all and reported, the tendency to 
bleeding depends largely on the properties of cement. Increasing 
the fineness of cement decreases bleeding. 
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Table (2.6): Effect of Surface Area and (20) Water Content on the 
Bleeding Rate of Cement Paste  
Bleeding Rate Q 
(cm/sec×10 6 ) 
Specific Surface Area 
(cm2/g) 
Water- cement Ratio 
w/c 
1085 1540 2045 2550 
0.26 103 39 17 9 
0.32 210 80 38 20 
0.39 b 150 73 40 
0.48 b 270 133 75 
0.59 b b 223 128 
0.74 b b b 213 
0.95 b b b b 
 
2.7 Shrinkage and Creep of Concrete as Affected by the Fineness of 
Portland Cement 
BENETT and LOAD (25) reported on the shrinkage and 
creep of concrete made with Portland cement of three different 
grades of fineness, but of similar composition except gypsum 
content. The programmed comprised tests of unrestrained 
shrinkage, restrained shrinkage and cracking by a ring test, and 
creep over periods up to four –and half year. The results indicated 
that there is an increase of unrestrained shrinkage and creep with 
finer cement but that, owing to higher strength; there is no 
tendency for undesirably rapid shrinkage cracking to occur. And 
the effect of the fineness of the cement was least in mixes of low 
water/cement ratio. 
According to COUTINHO (24) ordinary Portland cement 
had greater creep if coarsely ground than if finely ground but 
NEVILLE contended that the fineness of grinding affected creep 
 129
only through its effect on the rate of hardening of the cement 
paste. 
Further conflict is introduced by the work of TROXE, 
RAPHAEL and DAVIS (28), which indicated that the effect of 
fineness was different for low heat cement to that for ordinary 
cement. They found that in the case of low heat cement the creep 
with coarse grinding was 30 per cent greater than that for fine 
grinding but with ordinary cement creep was greater for fine 
grinding than for coarse grinding. 
The results of BENNET & LOAD (25) indicate that at early 
ages the creep of fine cement concrete (1 to 3 mix) is greater of 
concrete made with coarse cement, but that at an age of 1000 days 
the position was reversed. The creep was reduced by delaying the 
start of loading and was increased by an increase in water/cement 
ratio even if loading did not take place until the strength had 
reached equality. In all cases the creep was greatest in the cases in 
which the average strength during the period of loading was least. 
The finer cements required more water to obtain the workability 
and there for the increase of creep obtained.  
The cement of different fineness was compared on an equal 
workability basis. 
Contribution by MEARS (33) BENNET and LOAD (25) have 
shown in their paper, that the concrete made with the very fine 
cement can, while achieving a very high early strength, be kept to 
an acceptable value of shrinkage, by the increasing the gypsum 
content. It has been shown that there is a linear relationship 
between shrinkage and cement fineness when gypsum content is 
held constant. The results reported only one cement and this has a 
composition with atricalcium aluminates content of 14%, which is 
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unusually high, and high gypsum content. It has been shown that 
increasing the gypsum content, but only when the tricalcium 
aluminates content was high could control the increase in 
shrinkage with cement fineness. This behavior was probably due 
to the increased formation of ettringate, and expansive component 
of the hydrated cement. Have BENNET and LOAD examined 
very fine cements of other composition, with tricalcium 
aluminates content, to see whether the addition of extra gypsum is 
always effective is controlling shrinkage. 
Also there is contribution by COUNTINBO (24) to BENNET 
& LOAD and he rather surprising reported, that shrinkage and 
creep should be only slightly affected by such a tremendous 
difference in fineness of cement. This perhaps due to the fact that 
specific surfaces were compared, and not the grading of cement 
particles. 
On the other hand AKROYD (22) indicated and may agree 
with NIVELLE in some points, that the finer the cement is ground 
the greater will be the drying shrinkage whilst at the same time 
the expansion on prolonged curing under water will also be 
greater this do not mean, how ever, that of two contents the finer 
ground will shrink more, because of the over-viding effect of 
chemical composition. The effect of fineness is only a secondary 
effect, less important than the cement and water content of the 
concrete. Fineness has indirect influence on shrinkage cracking 
because the effect fineness is to increase the rate of hydration of 
the cement and hence the growth of strength is more rapid.  
Also ORCHARD (21) indicate that the fineness of cement has 
an important effect on its properties. The finer the cement the 
quicker the rate of hardening and the greater is heat evolution at 
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early ages. For these reason finely ground cement is more liable to 
suffer from shrinkage cracking than a coarser cement but this 
statement can be applied only to cements of the same chemical 
composition. 
AKROYD (22) indicated chemical composition and fineness 
affected both the rate and total creep at any one time. Fineness is 
probably not as important as chemical composition. 
NIVELLE (29) discussed the effect of cement fineness on 
creep of concrete, its possible that a part of the influence of the 
type of cement (specifically Types I and III) on creep arises from 
differences in the fineness of the unhydrated cement. Earlier data 
on creep do not seem to be liable to simple interpretation as they 
are contradictory for different cements. In the case of type 1 
cement concrete, creep was found to be greater the finer the 
cement. Low-heat cement (type IV) concrete was observed to creep 
slightly more than concrete made with Type 1 cement of the same 
fineness a point already made but when coarsely ground (1300 
cm2/g), Type IV cement exhibited a much greater creep and also a 
greater rate of creep at all ages Figure (2.15). This is rather 
difficult to explain in terms of fineness alone, but is possible that 
the gypsum content in cement is responsible for this apparent 
anomaly. NEVILLE continued that the finer the cement the more 
C3A is available at early ages and the less effective is a given 
quantity of gypsum. Such a lack of retardation produces a cement 
of high shrinkage and creep tendencies. When the type I cement 
used in the test of Figure (2.16) was re-ground without an addition 
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of gypsum, the resultant cement may have had gypsum content 
below the optimum amount, and this would have resulted in an 
increased creep. If the gypsum content of fine cement is increased 
to the optimum value, the creep tendency decreased, probably 
owing to a reduction in the specific surface of the gel formed. It 
should be added that the optimum gypsum content increases with 
temperature of storage concrete. 
           NEVILLE continue, provided cement is properly retarded, 
it would be reasonable to expect fineness to affect creep only in so 
far as it affects the rate of hardening of the cement paste. An 
attempt to verify this has not been wholly successful). Two type 1 
cements were reground to increase their specific surface by some 
300 to 800 cm2/g each, without adding gypsum, but at 28 days 
there was no significant difference in strength. The creep values 
are listed in Table (2.5), from which it can be seen that creep is not 
appreciably affected by cement fineness. It is possible that with 
loading at an earlier age the influence of fineness on strength, and 
therefore on creep, would be more marked but it is believed that 
there is no influence of fineness on creep arising from differences 
in gel structure.  
          NEVILLE continued his report, a comparison between rich 
(1:3) mix concretes made with fine-grained cement (7420 cm2/g, 
3.82 percent of SO3), a type III cement (4900cm2/g 2.93 percent of 
SO3), and type I cement (2770 cm2/g, 2.28 percent of SO3), stored 
at relative humidity of 55 percent has shown that the long-term 
creep is approximately the same in both cases, although early 
creep is higher the finer the cement Figure (2.16). It can be seen 
that, while the problem if influence of very high fineness on creep 
of concrete under different hygrometric conditions has not yet 
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been solved, it should not be assumed that very high fineness of 
cement necessarily leads to an increased creep.            
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CHAPTER FOUR 
RESULTS 
 
 
4.1 Introduction 
  
 The cement, which is used in this study, was chosen from 
the Ordinary Portland Cement (Sudanese cement), which 
commonly used in concrete works. 
 In this chapter are presented results of cement physical and 
chemical tests, compressive strength, rate of heat of hydration, 
total heat of hydration, slump test, bleeding of concrete, plastic 
shrinkage, and creep of concrete. 
 
Table (4.1): Cement physical test & chemical compositions  
Sample Blaine fineness 
Consistency  
water 
Setting  
time 
Expansion 
 
 Initial Final  
More  
fine 
3512 
Cm2/g  30 % 
2 hrs & 
26 min. 
3 hrs & 
44 min. 1 mm 
Control 3201 Cm2/g 27 % 
2 hrs & 
54 min. 
3 hrs & 
25 min. 0 mm 
Coarse 2935 Cm2/g 26 % 
1 hrs & 
5 min 3 hrs 1 mm 
 
 C3A C2S C3S C4AF 
More Fine  10.8 16.6 54.1 9.1 
Control 10.8 16.6 54.1 9.1 
Coarse 10.8 16.6 54.1 9.1 
 
   
4.2 Compressive test 
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Presented results of compressive strength of mortars for 3, 
7, 28, 90 and 180 days of three samples results are illustrated on 
Table (4.2) and Figures (4.1), (4.2), (4.3) and (4.4). 
 
 
 
Table (4.2): Compressive strength of mortars (N/mm2) 
Coarse 
Blaine fineness 
2935 cm2/g 
Control 
Blaine fineness 
3201 cm2/g 
Morefine 
Blaine fineness 
3512 cm2/g Time  (days) 
Strength 
N/mm2 
Increase 
strength  
%  
Strength 
N/mm2 
Increase  
strength % 
Strength 
N/mm2 
3 22. 12.6 24.7 2.3 25.3 
7 30.4 5.2 32. 1.6 32.6 
28 43.3 2.4 44.4 8.2 48 
90 57.7 0.46 58. 2.91 59.7 
180 62 5.3 65.3 6.8 69.8 
 
Fineness was increased by 9 % from coarse to control sample. 
Fineness was increased by 9.7 % from control to finer sample. 
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4.3 Determination of rate of heat of hydration of cement using 
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      digital thermocouple 
 
Presented results of rate of heat of hydration, results are 
illustrated in Tables (4.3), (4.4), (4.5) and (4.6) also illustrated in 
Figures (4.5), (4.6), (4.7) and (4.8). 
Table (4.3): Determination rate of heat of hydration of coarse 
sample. 
Time Temp. c m1 m2 s1 s2 dt Time hrs Rate  
00:00 33.6 400 200 0.2 1 0 0.00000000  
00:05 33.6 400 200 0.2 1 0.1 0.08333333 0.840000000 
00:10 33.7 400 200 0.2 1 0.2 0.16666667 0.840000000 
00:15 33.8 400 200 0.2 1 0.3 0.25000000 0.840000000 
00:20 33.9 400 200 0.2 1 0.4 0.33333333 0.840000000 
00:25 34 400 200 0.2 1 0.4 0.41666667 0.672000000 
00:30 34 400 200 0.2 1 0.4 0.50000000 0.560000000 
00:35 34 400 200 0.2 1 0.5 0.58333333 0.600000000 
00:40 34.1 400 200 0.2 1 0.6 0.66666667 0.630000000 
00:45 34.2 400 200 0.2 1 0.6 0.75000000 0.560000000 
00:50 34.2 400 200 0.2 1 0.7 0.83333333 0.588000000 
00:55 34.3 400 200 0.2 1 0.7 0.91666667 0.534545455 
01:00 34.3 400 200 0.2 1 0.8 1.00000000 0.560000000 
01:05 34.4 400 200 0.2 1 0.9 1.08333300 0.581538640 
01:10 34.5 400 200 0.2 1 0.9 1.16666700 0.539999846 
01:15 34.5 400 200 0.2 1 1 1.25000000 0.560000000 
01:20 34.6 400 200 0.2 1 1.1 1.33333000 0.577501444 
01:25 34.7 400 200 0.2 1 1.1 1.41666700 0.543529284 
01:30 34.7 400 200 0.2 1 1.2 1.50000000 0.560000000 
01:35 34.8 400 200 0.2 1 1.3 1.58333300 0.574736963 
01:40 34.9 400 200 0.2 1 1.4 1.66667000 0.587998824 
01:45 35 400 200 0.2 1 1.5 1.75000000 0.600000000 
01:50 35.1 400 200 0.2 1 1.6 1.83333300 0.610909202 
01:55 35.2 400 200 0.2 1 1.7 1.91666700 0.620869457 
02:00 35.3 400 200 0.2 1 1.8 2.00000000 0.630000000 
02:05 35.4 400 200 0.2 1 1.9 2.08333300 0.638400102 
02:10 35.5 400 200 0.2 1 2.1 2.16666700 0.678461434 
02:15 35.7 400 200 0.2 1 2.1 2.25000000 0.653333333 
02:20 35.7 400 200 0.2 1 2.3 2.33333000 0.690000986 
02:25 35.9 400 200 0.2 1 2.4 2.41666700 0.695172318 
02:30 36 400 200 0.2 1 2.5 2.50000000 0.700000000 
02:35 36.1 400 200 0.2 1 2.6 2.58333300 0.704516220 
02:40 36.2 400 200 0.2 1 2.7 2.66667000 0.708749114 
02:45 36.3 400 200 0.2 1 2.9 2.75000000 0.738181818 
02:50 36.5 400 200 0.2 1 3.1 2.83333300 0.765882443 
02:55 36.7 400 200 0.2 1 3.3 2.91666700 0.791999909 
03:00 36.9 400 200 0.2 1 3.6 3.00000000 0.840000000 
03:10 37.2 400 200 0.2 1 3.9 3.16666700 0.862105172 
03:20 37.5 400 200 0.2 1 4.4 3.33333000 0.924000924 
03:30 38 400 200 0.2 1 4.7 3.50000000 0.940000000 
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03:40 38.3 400 200 0.2 1 5.2 3.66667000 0.992726370 
03:50 38.8 400 200 0.2 1 5.7 3.83333300 1.040869656 
04:00 39.3 400 200 0.2 1 6.2 4.00000000 1.085000000 
04:10 39.8 400 200 0.2 1 6.7 4.16666700 1.125599910 
04:20 40.3 400 200 0.2 1 7.2 4.33333000 1.163077818 
04:30 40.8 400 200 0.2 1 7.8 4.50000000 1.213333333 
04:40 41.4 400 200 0.2 1 8.4 4.66667000 1.259999100 
04:50 42 400 200 0.2 1 8.9 4.83333300 1.288965606 
05:00 42.5 400 200 0.2 1 10 5.00000000 1.400000000 
05:15 43.6 400 200 0.2 1 10.9 5.25000000 1.453333333 
05:30 44.5 400 200 0.2 1 12.3 5.50000000 1.565454545 
05:45 45.9 400 200 0.2 1 16.6 5.75000000 2.020869565 
06:00 50.2 400 200 0.2 1 19.9 6.00000000 2.321666667 
06:15 53.5 400 200 0.2 1 21.4 6.25000000 2.396800000 
06:30 55 400 200 0.2 1 22.5 6.50000000 2.423076923 
06:45 56.1 400 200 0.2 1 23.1 6.75000000 2.395555556 
07:00 56.7 400 200 0.2 1 23.6 7.00000000 2.360000000 
07:15 57.2 400 200 0.2 1 24.1 7.25000000 2.326896552 
07:30 57.7 400 200 0.2 1 24.5 7.50000000 2.286666667 
07:45 58.1 400 200 0.2 1 24.8 7.75000000 2.240000000 
08:00 58.4 400 200 0.2 1 25.2 8.00000000 2.205000000 
08:30 58.8 400 200 0.2 1 25.5 8.50000000 2.100000000 
09:00 59.1 400 200 0.2 1 25.7 9.00000000 1.998888889 
09:30 59.3 400 200 0.2 1 25.7 9.50000000 1.893684211 
10:00 59.3 400 200 0.2 1 25.3 10.00000000 1.771000000 
11:00 58.9 400 200 0.2 1 24.6 11.00000000 1.565454545 
12:00 58.2 400 200 0.2 1 23.7 12.00000000 1.382500000 
13:00 57.3 400 200 0.2 1 22.5 13.00000000 1.211538462 
14:00 56.1 400 200 0.2 1 21.2 14.00000000 1.060000000 
15:00 54.8 400 200 0.2 1 16.9 15.00000000 0.788666667 
18:00 50.5 400 200 0.2 1 13.1 18.00000000 0.509444444 
21:00 46.7 400 200 0.2 1 9.9 21.00000000 0.330000000 
00:00 43.5 400 200 0.2 1 8 24.00000000 0.233333333 
03:00 41.6 400 200 0.2 1 7 27.00000000 0.181481481 
06:00 40.6 400 200 0.2 1 6.5 30.00000000 0.151666667 
09:00 40.1 400 200 0.2 1 6.2 33.00000000 0.131515152 
12:00 39.8 400 200 0.2 1 5.8 36.00000000 0.112777778 
15:00 39.4 400 200 0.2 1 5.2 39.00000000 0.093333333 
18:00 38.8 400 200 0.2 1 4.3 42.00000000 0.071666667 
21:00 37.9 400 200 0.2 1 3 45.00000000 0.046666667 
00:00 36.6 400 200 0.2 1 2 48.00000000 0.029166667 
03:00 35.6 400 200 0.2 1 1.5 51.00000000 0.020588235 
06:00 35.1 400 200 0.2 1 1.2 54.00000000 0.015555556 
09:00 34.8 400 200 0.2 1 1.1 57.00000000 0.013508772 
12:00 34.7 400 200 0.2 1 1.1 60.00000000 0.012833333 
15:00 34.7 400 200 0.2 1 1.1 63.00000000 0.012222222 
18:00 34.7 400 200 0.2 1 0.8 66.00000000 0.008484848 
21:00 34.4 400 200 0.2 1 0.1 69.00000000 0.001014493 
00:00 33.7 400 200 0.2 1 0.1 72.00000000 0.000972222 
 
 
 
Table (4.4): Determination of rate of heat of hydration of control 
sample.         
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Time Temp.  c m1 m2 s1 s2 dt Time hrs Rate  
00:00 31.3 400 200 0.2 1 0.3 0.00000000  
00:05 31.6 400 200 0.2 1 0.4 0.08333333 3.360000000 
00:10 31.7 400 200 0.2 1 0.5 0.16666667 2.100000000 
00:15 31.8 400 200 0.2 1 0.6 0.25000000 1.680000000 
00:20 31.9 400 200 0.2 1 0.6 0.33333333 1.260000000 
00:25 31.9 400 200 0.2 1 0.7 0.41666667 1.176000000 
00:30 32 400 200 0.2 1 0.7 0.50000000 0.980000000 
00:35 32 400 200 0.2 1 0.7 0.58333333 0.840000000 
00:40 32 400 200 0.2 1 0.8 0.66666667 0.840000000 
00:45 32.1 400 200 0.2 1 0.8 0.75000000 0.746666667 
00:50 32.1 400 200 0.2 1 0.9 0.83333333 0.756000000 
00:55 32.2 400 200 0.2 1 0.9 0.91666667 0.687272727 
01:00 32.2 400 200 0.2 1 1 1.00000000 0.700000000 
01:05 32.3 400 200 0.2 1 1 1.08333300 0.646154045 
01:10 32.3 400 200 0.2 1 1.1 1.16666700 0.659999811 
01:15 32.4 400 200 0.2 1 1.1 1.25000000 0.616000000 
01:20 32.4 400 200 0.2 1 1.2 1.33333000 0.630001575 
01:25 32.5 400 200 0.2 1 1.2 1.41666700 0.592941037 
01:30 32.5 400 200 0.2 1 1.3 1.50000000 0.606666667 
01:35 32.6 400 200 0.2 1 1.3 1.58333300 0.574736963 
01:40 32.6 400 200 0.2 1 1.4 1.66667000 0.587998824 
01:45 32.7 400 200 0.2 1 1.5 1.75000000 0.600000000 
01:50 32.8 400 200 0.2 1 1.5 1.83333300 0.572727377 
01:55 32.8 400 200 0.2 1 1.6 1.91666700 0.584347724 
02:00 32.9 400 200 0.2 1 1.7 2.00000000 0.595000000 
02:05 33 400 200 0.2 1 1.8 2.08333300 0.604800097 
02:10 33.1 400 200 0.2 1 1.9 2.16666700 0.613846059 
02:15 33.2 400 200 0.2 1 2 2.25000000 0.622222222 
02:20 33.3 400 200 0.2 1 2.1 2.33333000 0.630000900 
02:25 33.4 400 200 0.2 1 2.2 2.41666700 0.637241291 
02:30 33.5 400 200 0.2 1 2.4 2.50000000 0.672000000 
02:35 33.7 400 200 0.2 1 2.5 2.58333300 0.677419442 
02:40 33.8 400 200 0.2 1 2.5 2.66667000 0.656249180 
02:45 33.8 400 200 0.2 1 2.7 2.75000000 0.687272727 
02:50 34 400 200 0.2 1 2.8 2.83333300 0.691764787 
02:55 34.1 400 200 0.2 1 2.9 2.91666700 0.695999920 
03:00 34.2 400 200 0.2 1 3.2 3.00000000 0.746666667 
03:10 34.5 400 200 0.2 1 3.4 3.16666700 0.751578868 
03:20 34.7 400 200 0.2 1 3.7 3.33333000 0.777000777 
03:30 35 400 200 0.2 1 4 3.50000000 0.800000000 
03:40 35.3 400 200 0.2 1 4.3 3.66667000 0.820908345 
03:50 35.6 400 200 0.2 1 4.7 3.83333300 0.858260944 
04:00 36 400 200 0.2 1 5.1 4.00000000 0.892500000 
04:10 36.4 400 200 0.2 1 5.5 4.16666700 0.923999926 
04:20 36.8 400 200 0.2 1 5.9 4.33333000 0.953077656 
04:30 37.2 400 200 0.2 1 6.3 4.50000000 0.980000000 
04:40 37.6 400 200 0.2 1 6.8 4.66667000 1.019999271 
04:50 38.1 400 200 0.2 1 7.2 4.83333300 1.042758693 
05:00 38.5 400 200 0.2 1 8 5.00000000 1.120000000 
05:15 39.3 400 200 0.2 1 8.8 5.25000000 1.173333333 
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05:30 40.1 400 200 0.2 1 9.5 5.50000000 1.209090909 
05:45 40.8 400 200 0.2 1 10.3 5.75000000 1.253913043 
06:00 41.6 400 200 0.2 1 11.3 6.00000000 1.318333333 
06:15 42.6 400 200 0.2 1 12.2 6.25000000 1.366400000 
06:30 43.5 400 200 0.2 1 14 6.50000000 1.507692308 
06:45 45.3 400 200 0.2 1 19.7 6.75000000 2.042962963 
07:00 51 400 200 0.2 1 21.8 7.00000000 2.180000000 
07:15 53.1 400 200 0.2 1 23 7.25000000 2.220689655 
07:30 54.3 400 200 0.2 1 24 7.50000000 2.240000000 
07:45 55.3 400 200 0.2 1 24.7 7.75000000 2.230967742 
08:00 56 400 200 0.2 1 26.1 8.00000000 2.283750000 
08:30 57.4 400 200 0.2 1 26.9 8.50000000 2.215294118 
09:00 58.2 400 200 0.2 1 27.5 9.00000000 2.138888889 
09:30 58.8 400 200 0.2 1 27.9 9.50000000 2.055789474 
10:00 59.2 400 200 0.2 1 28.4 10.00000000 1.988000000 
11:00 59.7 400 200 0.2 1 28.4 11.00000000 1.807272727 
12:00 59.7 400 200 0.2 1 27.9 12.00000000 1.627500000 
13:00 59.2 400 200 0.2 1 27.2 13.00000000 1.464615385 
14:00 58.5 400 200 0.2 1 26.3 14.00000000 1.315000000 
15:00 57.6 400 200 0.2 1 22.9 15.00000000 1.068666667 
18:00 54.2 400 200 0.2 1 18.8 18.00000000 0.731111111 
21:00 50.1 400 200 0.2 1 15.4 21.00000000 0.513333333 
00:00 46.7 400 200 0.2 1 12.4 24.00000000 0.361666667 
03:00 43.7 400 200 0.2 1 10 27.00000000 0.259259259 
06:00 41.3 400 200 0.2 1 9.4 30.00000000 0.219333333 
09:00 40.7 400 200 0.2 1 8.7 33.00000000 0.184545455 
12:00 40 400 200 0.2 1 8.1 36.00000000 0.157500000 
15:00 39.4 400 200 0.2 1 7.4 39.00000000 0.132820513 
18:00 38.7 400 200 0.2 1 6.7 42.00000000 0.111666667 
21:00 38 400 200 0.2 1 6 45.00000000 0.093333333 
00:00 37.3 400 200 0.2 1 5.4 48.00000000 0.078750000 
03:00 36.7 400 200 0.2 1 5.2 51.00000000 0.071372549 
06:00 36.5 400 200 0.2 1 5.2 54.00000000 0.067407407 
09:00 36.5 400 200 0.2 1 5.2 57.00000000 0.063859649 
12:00 36.5 400 200 0.2 1 5.4 60.00000000 0.063000000 
15:00 36.7 400 200 0.2 1 5.4 63.00000000 0.060000000 
18:00 36.7 400 200 0.2 1 5.2 66.00000000 0.055151515 
21:00 36.5 400 200 0.2 1 4.8 69.00000000 0.048695652 
00:00 36.1 400 200 0.2 1 4.8 72.00000000 0.046666667 
 
 
 
 
Table (4.5): Determination of rate of heat of hydration of morefine 
sample.        
Time Temp.  c m1 m2 s1 s2 dt Time hrs Rate  
00:00 31.1 400 200 0.2 1 0.3 0.00000000  
00:05 31.4 400 200 0.2 1 0.6 0.08333333 5.040000000 
00:10 31.7 400 200 0.2 1 1 0.16666667 4.200000000 
00:15 32.1 400 200 0.2 1 1.2 0.25000000 3.360000000 
00:20 32.3 400 200 0.2 1 1.4 0.33333333 2.940000000 
00:25 32.5 400 200 0.2 1 1.6 0.41666667 2.688000000 
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00:30 32.7 400 200 0.2 1 1.7 0.50000000 2.380000000 
00:35 32.8 400 200 0.2 1 1.7 0.58333333 2.040000000 
00:40 32.8 400 200 0.2 1 2 0.66666667 2.100000000 
00:45 33.1 400 200 0.2 1 2 0.75000000 1.866666667 
00:50 33.1 400 200 0.2 1 2 0.83333333 1.680000000 
00:55 33.1 400 200 0.2 1 2.1 0.91666667 1.603636364 
01:00 33.2 400 200 0.2 1 2.2 1.00000000 1.540000000 
01:05 33.3 400 200 0.2 1 2.4 1.08333300 1.550769708 
01:10 33.5 400 200 0.2 1 2.4 1.16666700 1.439999589 
01:15 33.5 400 200 0.2 1 2.4 1.25000000 1.344000000 
01:20 33.5 400 200 0.2 1 2.6 1.33333000 1.365003413 
01:25 33.7 400 200 0.2 1 2.6 1.41666700 1.284705580 
01:30 33.7 400 200 0.2 1 2.7 1.50000000 1.260000000 
01:35 33.8 400 200 0.2 1 2.7 1.58333300 1.193684462 
01:40 33.8 400 200 0.2 1 2.8 1.66667000 1.175997648 
01:45 33.9 400 200 0.2 1 2.9 1.75000000 1.160000000 
01:50 34 400 200 0.2 1 2.9 1.83333300 1.107272929 
01:55 34 400 200 0.2 1 3 1.91666700 1.095651983 
02:00 34.1 400 200 0.2 1 3.1 2.00000000 1.085000000 
02:05 34.2 400 200 0.2 1 3.2 2.08333300 1.075200172 
02:10 34.3 400 200 0.2 1 3.2 2.16666700 1.033845995 
02:15 34.3 400 200 0.2 1 3.4 2.25000000 1.057777778 
02:20 34.5 400 200 0.2 1 3.3 2.33333000 0.990001414 
02:25 34.4 400 200 0.2 1 3.5 2.41666700 1.013792964 
02:30 34.6 400 200 0.2 1 3.6 2.50000000 1.008000000 
02:35 34.7 400 200 0.2 1 3.6 2.58333300 0.975483997 
02:40 34.7 400 200 0.2 1 3.7 2.66667000 0.971248786 
02:45 34.8 400 200 0.2 1 3.8 2.75000000 0.967272727 
02:50 34.9 400 200 0.2 1 4 2.83333300 0.988235410 
02:55 35.1 400 200 0.2 1 4.1 2.91666700 0.983999888 
03:00 35.2 400 200 0.2 1 4.2 3.00000000 0.980000000 
03:10 35.3 400 200 0.2 1 4.5 3.16666700 0.994736737 
03:20 35.6 400 200 0.2 1 4.7 3.33333000 0.987000987 
03:30 35.8 400 200 0.2 1 5 3.50000000 1.000000000 
03:40 36.1 400 200 0.2 1 5.3 3.66667000 1.011817262 
03:50 36.4 400 200 0.2 1 5.5 3.83333300 1.004347913 
04:00 36.6 400 200 0.2 1 5.9 4.00000000 1.032500000 
04:10 37 400 200 0.2 1 6.1 4.16666700 1.024799918 
04:20 37.2 400 200 0.2 1 6.5 4.33333000 1.050000808 
04:30 37.6 400 200 0.2 1 6.6 4.50000000 1.026666667 
04:40 37.7 400 200 0.2 1 6.9 4.66667000 1.034999261 
04:50 38 400 200 0.2 1 7.2 4.83333300 1.042758693 
05:00 38.3 400 200 0.2 1 7.6 5.00000000 1.064000000 
05:15 38.7 400 200 0.2 1 8.1 5.25000000 1.080000000 
05:30 39.2 400 200 0.2 1 8.7 5.50000000 1.107272727 
05:45 39.8 400 200 0.2 1 9.3 5.75000000 1.132173913 
06:00 40.4 400 200 0.2 1 11.8 6.00000000 1.376666667 
06:15 42.9 400 200 0.2 1 16.2 6.25000000 1.814400000 
06:30 47.3 400 200 0.2 1 17.4 6.50000000 1.873846154 
06:45 48.5 400 200 0.2 1 18.2 6.75000000 1.887407407 
07:00 49.3 400 200 0.2 1 18.9 7.00000000 1.890000000 
07:15 50 400 200 0.2 1 19.3 7.25000000 1.863448276 
07:30 50.4 400 200 0.2 1 19.6 7.50000000 1.829333333 
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07:45 50.7 400 200 0.2 1 19.8 7.75000000 1.788387097 
08:00 50.9 400 200 0.2 1 20.3 8.00000000 1.776250000 
08:30 51.4 400 200 0.2 1 21.5 8.50000000 1.770588235 
09:00 52.6 400 200 0.2 1 21.8 9.00000000 1.695555556 
09:30 52.9 400 200 0.2 1 22.4 9.50000000 1.650526316 
10:00 53.5 400 200 0.2 1 23 10.00000000 1.610000000 
11:00 54.1 400 200 0.2 1 23.5 11.00000000 1.495454545 
12:00 54.6 400 200 0.2 1 23.6 12.00000000 1.376666667 
13:00 54.7 400 200 0.2 1 23.6 13.00000000 1.270769231 
14:00 54.7 400 200 0.2 1 23.3 14.00000000 1.165000000 
15:00 54.4 400 200 0.2 1 21.9 15.00000000 1.022000000 
18:00 53 400 200 0.2 1 19.1 18.00000000 0.742777778 
21:00 50.2 400 200 0.2 1 16.6 21.00000000 0.553333333 
00:00 47.7 400 200 0.2 1 14.3 24.00000000 0.417083333 
03:00 45.4 400 200 0.2 1 12.8 27.00000000 0.331851852 
06:00 43.9 400 200 0.2 1 11.9 30.00000000 0.277666667 
09:00 43 400 200 0.2 1 11.2 33.00000000 0.237575758 
12:00 42.3 400 200 0.2 1 10.4 36.00000000 0.202222222 
15:00 41.5 400 200 0.2 1 9.5 39.00000000 0.170512821 
18:00 40.6 400 200 0.2 1 8.5 42.00000000 0.141666667 
21:00 39.6 400 200 0.2 1 7.6 45.00000000 0.118222222 
00:00 38.7 400 200 0.2 1 6.5 48.00000000 0.094791667 
03:00 37.6 400 200 0.2 1 5.9 51.00000000 0.080980392 
06:00 37 400 200 0.2 1 5.2 54.00000000 0.067407407 
09:00 36.3 400 200 0.2 1 4.9 57.00000000 0.060175439 
12:00 36 400 200 0.2 1 4.7 60.00000000 0.054833333 
15:00 35.8 400 200 0.2 1 4.3 63.00000000 0.047777778 
18:00 35.4 400 200 0.2 1 3.8 66.00000000 0.040303030 
21:00 34.9 400 200 0.2 1 3.2 69.00000000 0.032463768 
00:00 34.3 400 200 0.2 1 3.2 72.00000000 0.031111111 
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Table (4.6): Determination of rate of heat of hydration of three samples and increase or decrease rate in percent 
 
Incr. Or 
decrease 
Incr. Or 
decrease 
Incr. Or 
decrease 
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Coarse 
rate in % 
Control 
 rate in % 
Fine rate 
in % 
1 00:00       
2 00:05 0.8400 3.3600 5.0400    
3 00:10 0.8400 2.1000 4.2000 -3.55 -37.5 -16.67 
4 00:15 0.8400 1.6800 3.3600 1.17 -20 -20.00 
5 00:20 0.8400 1.2600 2.9400 5.94 -25 -12.50 
6 00:25 0.6720 1.1760 2.6880 -20 -6.67 -8.57 
7 00:30 0.5600 0.9800 2.3800 -16.66 -16.67 -11.46 
8 00:35 0.6000 0.8400 2.0400 7.14 -14.29 -14.29 
9 00:40 0.6300 0.8400 2.1000 5 0.00 2.94 
10 00:45 0.5600 0.7467 1.8667 -11.11 -11.11 -11.11 
11 00:50 0.5880 0.7560 1.6800 5 1.25 -10.00 
12 00:55 0.5345 0.6873 1.6036 -9.09 -9.09 -4.55 
13 01:00 0.5600 0.7000 1.5400 4.76 1.85 -3.97 
14 01:05 0.5815 0.6462 1.5508 3.84 -7.69 0.70 
15 01:10 0.5400 0.6600 1.4400 -7.14 2.14 -7.14 
16 01:15 0.5600 0.6160 1.3440 3.7 -6.67 -6.67 
17 01:20 0.5775 0.6300 1.3650 3.12 2.27 1.56 
18 01:25 0.5435 0.5929 1.2847 -5.88 -5.88 -5.88 
19 01:30 0.5600 0.6067 1.2600 3.03 2.31 -1.92 
20 01:35 0.5747 0.5747 1.1937 2.63 -5.26 -5.26 
21 01:40 0.5880 0.5880 1.1760 2.04 2.31 -1.48 
22 01:45 0.6000 0.6000 1.1600 2.04 2.04 -1.36 
23 01:50 0.6109 0.5727 1.1073 1.81 -4.55 -4.55 
24 01:55 0.6209 0.5843 1.0957 1.63 2.03 -1.05 
25 02:00 0.6300 0.5950 1.0850 1.47 1.82 -0.97 
26 02:05 0.6384 0.6048 1.0752 1.33 1.65 -0.90 
27 02:10 0.6785 0.6138 1.0338 6.27 1.50 -3.85 
28 02:15 0.6533 0.6222 1.0578 -3.7 1.36 2.31 
29 02:20 0.6900 0.6300 0.9900 5.61 1.25 -6.41 
30 02:25 0.6952 0.6372 1.0138 0.79 1.15 2.40 
31 02:30 0.7000 0.6720 1.0080 0.69 5.45 -0.57 
32 02:35 0.7045 0.6774 0.9755 0.64 0.81 -3.23 
33 02:40 0.7087 0.6562 0.9712 0.6 -3.13 -0.43 
34 02:45 0.7382 0.6873 0.9673 4.15 4.73 -0.41 
35 02:50 0.7659 0.6918 0.9882 3.75 0.65 2.17 
36 02:55 0.7920 0.6960 0.9840 3.41 0.61 -0.43 
37 03:00 0.8400 0.7467 0.9800 6.06 7.28 -0.41 
38 03:10 0.8621 0.7516 0.9947 2.63 0.66 1.50 
39 03:20 0.9240 0.7770 0.9870 7.17 3.38 -0.78 
40 03:30 0.9400 0.8000 1.0000 1.73 2.96 1.32 
41 03:40 0.9927 0.8209 1.0118 5.6 2.61 1.18 
42 03:50 1.0409 0.8583 1.0043 4.84 4.55 -0.74 
43 04:00 1.0850 0.8925 1.0325 4.23 3.99 2.80 
44 04:10 1.1256 0.9240 1.0248 3.74 3.53 -0.75 
45 04:20 1.1631 0.9531 1.0500 3.32 3.15 2.46 
46 04:30 1.2133 0.9800 1.0267 4.32 2.82 -2.22 
47 04:40 1.2600 1.0200 1.0350 3.84 4.08 0.81 
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48 04:50 1.2890 1.0428 1.0428 2.29 2.23 0.75 
49 05:00 1.4000 1.1200 1.0640 8.61 7.41 2.04 
50 05:15 1.4533 1.1733 1.0800 3.8 4.76 1.50 
51 05:30 1.5655 1.2091 1.1073 7.71 3.05 2.53 
52 05:45 2.0209 1.2539 1.1322 29.09 3.71 2.25 
53 06:00 2.3217 1.3183 1.3767 14.88 5.14 21.59 
54 06:15 2.3968 1.3664 1.8144 3.24 3.65 31.80 
55 06:30 2.4231 1.5077 1.8738 1.10 10.34 3.28 
56 06:45 2.3956 2.0430 1.8874 -1.14 35.50 0.72 
57 07:00 2.3600 2.1800 1.8900 -1.48 6.71 0.14 
58 07:15 2.3269 2.2207 1.8634 -1.40 1.87 -1.40 
59 07:30 2.2867 2.2400 1.8293 -1.73 0.87 -1.83 
60 07:45 2.2400 2.2310 1.7884 -2.04 -0.40 -2.24 
61 08:00 2.2050 2.2838 1.7763 -1.56 2.37 -0.68 
62 08:30 2.1000 2.2153 1.7706 -4.76 -3.00 -0.32 
63 09:00 1.9989 2.1389 1.6956 -4.81 -3.45 -4.24 
64 09:30 1.8937 2.0558 1.6505 -5.26 -3.89 -2.66 
65 10:00 1.7710 1.9880 1.6100 -6.48 -3.30 -2.46 
66 11:00 1.5655 1.8073 1.4955 -11.61 -9.09 -7.11 
67 12:00 1.3825 1.6275 1.3767 -11.69 -9.95 -7.94 
68 13:00 1.2115 1.4646 1.2708 -12.37 -10.01 -7.69 
69 14:00 1.0600 1.3150 1.1650 -12.51 -10.22 -8.32 
70 15:00 0.7887 1.0687 1.0220 -25.60 -18.73 -12.27 
71 18:00 0.5094 0.7311 0.7428 -35.40 -31.59 -27.32 
72 21:00 0.3300 0.5133 0.5533 -35.22 -29.79 -25.50 
73 00:00 0.2333 0.3617 0.4171 -29.29 -29.55 -24.62 
74 03:00 0.1815 0.2593 0.3319 -22.22 -28.32 -20.44 
75 06:00 0.1517 0.2193 0.2777 -16.43 -15.40 -16.33 
76 09:00 0.1315 0.1845 0.2376 -13.29 -15.86 -14.44 
77 12:00 0.1128 0.1575 0.2022 -14.25 -14.66 -14.88 
78 15:00 0.0933 0.1328 0.1705 -17.24 -15.67 -15.68 
79 18:00 0.0717 0.1117 0.1417 -23.21 -15.93 -16.92 
80 21:00 0.0467 0.0933 0.1182 -34.88 -16.42 -16.55 
81 00:00 0.0292 0.0788 0.0948 -37.5 -15.63 -19.82 
82 03:00 0.0206 0.0714 0.0810 -29.41 -9.37 -14.57 
83 06:00 0.0156 0.0674 0.0674 -24.44 -5.56 -16.76 
84 09:00 0.0135 0.0639 0.0602 -13.16 -5.26 -10.73 
85 12:00 0.0128 0.0630 0.0548 -5 -1.35 -8.88 
86 15:00 0.0122 0.0600 0.0478 -4.76 -4.76 -12.87 
87 18:00 0.0085 0.0552 0.0403 -30.58 -8.08 -15.64 
88 21:00 0.0010 0.0487 0.0325 -88.04 -11.71 -19.45 
89 00:00 0.0010 0.0467 0.0311 -4.17 -4.17 -4.17 
 
 149
 
 
 
 
 
 
 
 
 
 
 150
 
 
 
 
 
 
 
 
 
 
4.4 Total heat of hydration at 3 days 
         
 The trapezoidal method was used to determinate area under 
curve of 3 days rate of heat.       
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 The trapezoid method is one of numerical integration 
method by calculating the area under curve.     
Procedure: divided the area under curve to the equal small distance, 
then calculate the area of each Individual area, then the sum of areas 
is results.          
f(x)=h(f(xo)+2f(x1)+………..+2f(xi)+…..+f(xn))/2  
 
 Presented results of total heat of hydration of three samples 
at 3 days using the trapezoidal method to determinate area under 
curve of three days rate of heat. Results are illustrated on Tables 
(4.7), (4.8), (4.9) and (4.10). 
        
    
                                                
                                            Coarse Sample 
     
Table (4.7): Determination of total heat of hydration of coarse sample 
at 3 days.         
Hrs:min Q3 f(xo),2f(x1) f(xo),2f(xi) f(xn) 
Time 
(min) 
(T) 
T*f(xo),2fx Time (hrs)  
Sub 
 total 
00:00 0.000000 0.000000   0.000000   
00:05 0.840000 1.680000   4.200000   
00:10 0.840000 1.680000   4.200000   
00:15 0.840000 1.680000   4.200000   
00:20 0.840000 1.680000   4.200000   
00:25 0.672000 1.344000   3.360000   
00:30 0.560000 1.120000   2.800000   
00:35 0.600000 1.200000   3.000000   
00:40 0.630000 1.260000   3.150000   
00:45 0.560000 1.120000   2.800000   
00:50 0.588000 1.176000   2.940000   
00:55 0.534545 1.069091   2.672727   
01:00 0.560000 1.120000  5 2.800000   
01:05 0.581539 1.163077   2.907693   
01:10 0.540000 1.080000   2.699999   
01:15 0.560000 1.120000   2.800000   
01:20 0.577501 1.155003   2.887507   
01:25 0.543529 1.087059   2.717646   
01:30 0.560000 1.120000   2.800000   
01:35 0.574737 1.149474   2.873685   
01:40 0.587999 1.175998   2.939994   
01:45 0.600000 1.200000   3.000000   
01:50 0.610909 1.221818   3.054546   
01:55 0.620869 1.241739   3.104347   
02:00 0.630000 1.260000   3.150000   
02:05 0.638400 1.276800   3.192001   
02:10 0.678461 1.356923   3.392307   
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02:15 0.653333 1.306667   3.266667   
02:20 0.690001 1.380002   3.450005   
02:25 0.695172 1.390345   3.475862   
02:30 0.700000 1.400000   3.500000   
02:35 0.704516 1.409032   3.522581   
02:40 0.708749 1.417498   3.543746   
02:45 0.738182 1.476364   3.690909   
02:50 0.765882 1.531765   3.829412   
02:55 0.792000 1.584000   3.960000   
03:00 0.840000 0.840000   2.100000 3hr 116.1816 
 0.840000 0.840000  startof 4.200000   
03:10 0.862105  1.724210  8.621052   
03:20 0.924001  1.848002  9.240009   
03:30 0.940000  1.880000  9.400000   
03:40 0.992726  1.985453  9.927264   
03:50 1.040870  2.081739 10 10.408697   
04:00 1.085000  2.170000  10.850000   
04:10 1.125600  2.251200  11.255999   
04:20 1.163078  2.326156  11.630778   
04:30 1.213333  2.426667  12.133333   
04:40 1.259999  2.519998  12.599991   
04:50 1.288966  2.577931  12.889656   
05:00 1.400000  1.400000  7.000000 5hr 246.3384 
 1.400000  1.400000  10.500000   
05:15 1.453333 2.906667   21.800000   
05:30 1.565455 3.130909   23.481818   
05:45 2.020870 4.041739   30.313043   
06:00 2.321667 4.643333  15 34.825000   
06:15 2.396800 4.793600   35.952000   
06:30 2.423077 4.846154   36.346154   
06:45 2.395556 4.791111   35.933333   
07:00 2.360000 4.720000   35.400000   
07:15 2.326897 4.653793   34.903448   
07:30 2.286667 4.573333   34.300000   
07:45 2.240000 4.480000   33.600000   
08:00 2.205000 2.205000   16.537500 7.45 630.2307 
 2.205000 2.205000   33.075000   
08:30 2.100000  4.2  63.000000   
09:00 1.998889  3.997778 30 59.966667   
09:30 1.893684  3.787368  56.810526 9.5 843.0829 
10:00 1.771000 1.771000   26.565000   
 1.771000 1.771000 ~~~~  53.130000   
11:00 1.565455 3.130909   93.927273   
12:00 1.382500 2.765000  60 82.950000   
13:00 1.211538 2.423077   72.692308   
14:00 1.060000 2.120000   63.600000   
15:00 0.788667 0.788667   23.660000 15 1259.607 
 0.788667 0.788667 0.788667  70.980000   
18:00 0.509444  1.018889  91.700000   
21:00 0.330000  0.66  59.400000   
00:00 0.233333  0.233333  21.000000 24 1502.687 
 0.233333  0.233333  21.000000   
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03:00 0.181481  0.362963 180 32.666667   
06:00 0.151667  0.303333  27.300000   
09:00 0.131515  0.26303  23.672727   
12:00 0.112778  0.225556  20.300000   
15:00 0.093333  0.186667  16.800000   
18:00 0.071667  0.143333  12.900000   
21:00 0.046667  0.093333  8.400000   
00:00 0.029167  0.058333  5.250000   
03:00 0.020588  0.020588  1.852941 48 1672.83 
 0.020588  0.020588  1.852941   
06:00 0.015556  0.031111  2.800000   
09:00 0.013509  0.027018  2.431579   
12:00 0.012833  0.025667  2.310000   
15:00 0.012222  0.024444  2.200000   
18:00 0.008485  0.01697  1.527273   
21:00 0.001014  0.002029  0.182609   
00:00 0.000972  0.000972  0.087500 72 1686.222 
     1686.221720   
Conclusion  
time total 
% 
3 1.936361 6.890057 
5 4.105640 14.608898 
7.45 10.503845 37.375317 
9.5 14.051382 49.998342 
15 20.993458 74.699992 
24 25.044791 89.115652 
48 27.880497 99.205804 
 
72 28.103695 100.000000 
 
 
     
 
 
 
 
Control Sample 
Table (4.8): Determination total heat of hydration of control sample 
at 3 days.        
Hrs:min rate Q2 f(xo),2f(x1) f(xo),2f(xi) 
Time 
(min) 
(T) 
T*f(xo),2fx Time (hrs)  
Sub  
total 
00:00  0.000000   0.000000   
00:05 3.360000 6.720000   16.800000   
00:10 2.100000 4.200000   10.500000   
00:15 1.680000 3.360000   8.400000   
00:20 1.260000 2.520000   6.300000   
00:25 1.176000 2.352000   5.880000   
00:30 0.980000 1.960000   4.900000   
00:35 0.840000 1.680000   4.200000   
00:40 0.840000 1.680000   4.200000   
00:45 0.746667 1.493333   3.733333   
00:50 0.756000 1.512000   3.780000   
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00:55 0.687273 1.374545   3.436364   
01:00 0.700000 1.400000  5 3.500000   
01:05 0.646154 1.292308   3.230770   
01:10 0.660000 1.320000   3.299999   
01:15 0.616000 1.232000   3.080000   
01:20 0.630002 1.260003   3.150008   
01:25 0.592941 1.185882   2.964705   
01:30 0.606667 1.213333   3.033333   
01:35 0.574737 1.149474   2.873685   
01:40 0.587999 1.175998   2.939994   
01:45 0.600000 1.200000   3.000000   
01:50 0.572727 1.145455   2.863637   
01:55 0.584348 1.168695   2.921739   
02:00 0.595000 1.190000   2.975000   
02:05 0.604800 1.209600   3.024000   
02:10 0.613846 1.227692   3.069230   
02:15 0.622222 1.244444   3.111111   
02:20 0.630001 1.260002   3.150005   
02:25 0.637241 1.274483   3.186206   
02:30 0.672000 1.344000   3.360000   
02:35 0.677419 1.354839   3.387097   
02:40 0.656249 1.312498   3.281246   
02:45 0.687273 1.374545   3.436364   
02:50 0.691765 1.383530   3.458824   
02:55 0.696000 1.392000   3.480000   
03:00 0.746667 0.746667   1.866667 3hr 149.7733 
 0.746667 0.746667 0.746667 start of 3.733333   
03:10 0.751579  1.503158  7.515789   
03:20 0.777001  1.554002  7.770008   
03:30 0.800000  1.600000  8.000000   
03:40 0.820908  1.641817  8.209083   
03:50 0.858261  1.716522 10 8.582609   
04:00 0.892500  1.785000  8.925000   
04:10 0.924000  1.848000  9.239999   
04:20 0.953078  1.906155  9.530777   
04:30 0.980000  1.960000  9.800000   
04:40 1.019999  2.039999  10.199993   
04:50 1.042759  2.085517  10.427587   
05:00 1.120000  1.120000  5.600000 5hr 257.3075 
 1.120000 1.120000 1.120000 start of 8.400000   
05:15 1.173333 2.346667   17.600000   
05:30 1.209091 2.418182   18.136364   
05:45 1.253913 2.507826   18.808696   
06:00 1.318333 2.636667  15 19.775000   
06:15 1.366400 2.732800   20.496000   
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06:30 1.507692 3.015385   22.615385   
06:45 2.042963 4.085926   30.644444   
07:00 2.180000 4.360000   32.700000   
07:15 2.220690 4.441379   33.310345   
07:30 2.240000 4.480000   33.600000   
07:45 2.230968 4.461935   33.464516   
08:00 2.283750 2.283750   17.128125 7.45 563.9864 
 2.283750 2.283750 2.283750 start of 34.256250   
08:30 2.215294  4.430588  66.458824   
09:00 2.138889  4.277778 30 64.166667   
09:30 2.055789  2.055789  30.836842 9.5 759.705 
 2.055789 2.055789 2.055789 start of 61.673684   
10:00 1.988000 3.976000   119.280000   
11:00 1.807273 3.614545   108.436364   
12:00 1.627500 3.255000  60 97.650000   
13:00 1.464615 2.929231   87.876923   
14:00 1.315000 2.630000   78.900000   
15:00 1.068667 1.068667   32.060000 15 1345.582 
 1.068667 1.068667 1.068667 start of 96.180000   
18:00 0.731111  1.462222  131.600000   
21:00 0.513333  1.026667  92.400000   
00:00 0.361667  0.361667  32.550000 24 1698.312 
        
03:00 0.259259  0.259259 180 23.333333   
06:00 0.219333  0.438667  39.480000   
09:00 0.184545  0.369091  33.218182   
12:00 0.157500  0.315000  28.350000   
15:00 0.132821  0.265641  23.907692   
18:00 0.111667  0.223333  20.100000   
21:00 0.093333  0.186667  16.800000   
00:00 0.078750  0.078750  7.087500 48 1890.589 
 0.078750  0.078750  7.087500   
03:00 0.071373  0.142745  12.847059   
06:00 0.067407  0.134815  12.133333   
09:00 0.063860  0.127719  11.494737   
12:00 0.063000  0.126000  11.340000   
15:00 0.060000  0.120000  10.800000   
18:00 0.055152  0.110303  9.927273   
21:00 0.048696  0.097391  8.765217   
00:00 0.046667  0.046667  4.200000   
     1979.18375 72 1979.184 
Conclusion  
time total % 
3 2.496222 7.567429 
 
5 4.288458 13.000688 
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7.45 9.399773 28.495907 
9.5 12.661749 38.384761 
15 22.426365 67.986710 
24 28.305199 85.808704 
48 31.509811 95.523654 
72 32.986396 100.000000 
 
 
 
 
 
 
 
Morefine Sample 
Table (4.9): Determination total heat of hydration of morefine sample 
at 3 days.        
Hrs:min rateQ1 f(xo),2f(x1) f(xo),2f(xi) 
Time 
(min) 
(T) 
T*f(xo),2fx Time (hrs)  
Sub  
total 
00:00  0.000000   0.000000   
00:05 5.040000 10.080000   25.200000   
00:10 4.200000 8.400000   21.000000   
00:15 3.360000 6.720000   16.800000   
00:20 2.940000 5.880000   14.700000   
00:25 2.688000 5.376000   13.440000   
00:30 2.380000 4.760000   11.900000   
00:35 2.040000 4.080000   10.200000   
00:40 2.100000 4.200000   10.500000   
00:45 1.866667 3.733333   9.333333   
00:50 1.680000 3.360000   8.400000   
00:55 1.603636 3.207273   8.018182   
01:00 1.540000 3.080000  5 7.700000   
01:05 1.550770 3.101539   7.753849   
01:10 1.440000 2.879999   7.199998   
01:15 1.344000 2.688000   6.720000   
01:20 1.365003 2.730007   6.825017   
01:25 1.284706 2.569411   6.423528   
01:30 1.260000 2.520000   6.300000   
01:35 1.193684 2.387369   5.968422   
01:40 1.175998 2.351995   5.879988   
01:45 1.160000 2.320000   5.800000   
01:50 1.107273 2.214546   5.536365   
01:55 1.095652 2.191304   5.478260   
02:00 1.085000 2.170000   5.425000   
02:05 1.075200 2.150400   5.376001   
02:10 1.033846 2.067692   5.169230   
02:15 1.057778 2.115556   5.288889   
02:20 0.990001 1.980003   4.950007   
02:25 1.013793 2.027586   5.068965   
02:30 1.008000 2.016000   5.040000   
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02:35 0.975484 1.950968   4.877420    
02:40 0.971249 1.942498   4.856244   
02:45 0.967273 1.934545   4.836364   
02:50 0.988235 1.976471   4.941177   
02:55 0.984000 1.968000   4.919999   
03:00 0.980000 0.980000   2.450000 3hr 290.2762 
 0.980000 0.980000 0.98  4.900000   
03:10 0.994737  1.989473  9.947367   
03:20 0.987001  1.974002  9.870010   
03:30 1.000000  2  10.000000   
03:40 1.011817  2.023635  10.118173   
03:50 1.004348  2.008696 10 10.043479   
04:00 1.032500  2.065  10.325000   
04:10 1.024800  2.0496  10.247999   
04:20 1.050001  2.100002  10.500008   
04:30 1.026667  2.053333  10.266667   
04:40 1.034999  2.069999  10.349993   
04:50 1.042759  2.085517  10.427587   
05:00 1.064000  1.064  5.320000 5hr 412.5925 
 1.064000 1.064000 1.064 start of 15.000000   
05:15 1.080000 1.080000   8.100000   
05:30 1.107273 2.214545   16.609091   
05:45 1.132174 2.264348   16.982609   
06:00 1.376667 2.753333  15 20.650000   
06:15 1.814400 3.628800   27.216000   
06:30 1.873846 3.747692   28.107692   
06:45 1.887407 3.774815   28.311111   
07:00 1.890000 3.780000   28.350000   
07:15 1.863448 3.726897   27.951724   
07:30 1.829333 3.658667   27.440000   
07:45 1.788387 3.576774   26.825806   
08:00 1.776250 1.776250   13.321875 7.45 697.4584 
 1.776250 1.776250 1.77625 start of 53.287500   
08:30 1.770588  3.541176  53.117647   
09:00 1.695556  3.391111 30 50.866667   
09:30 1.650526  1.650526  24.757895 9.5 879.4881 
        
10:00 1.610000 1.610000   48.300000   
11:00 1.495455 2.990909   89.727273   
12:00 1.376667 2.753333  60 82.600000   
13:00 1.270769 2.541538   76.246154   
14:00 1.165000 2.330000   69.900000   
15:00 1.022000 1.022000   30.660000 15 1276.922 
 1.022000 1.022000 1.022 start of 183.960000   
18:00 0.742778  1.485556  133.700000   
21:00 0.553333  1.106667  99.600000   
00:00 0.417083  0.417083  37.537500 24 1731.719 
 0.417083 0.417083 0.417083 start of 75.075000   
03:00 0.331852  0.331852 180 29.866667   
06:00 0.277667  0.555333  49.980000   
09:00 0.237576  0.475152  42.763636   
12:00 0.202222  0.404444  36.400000   
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15:00 0.170513  0.341026  30.692308   
18:00 0.141667  0.283333  25.500000   
21:00 0.118222  0.236444  21.280000   
00:00 0.094792  0.094792  8.531250 48 2051.808 
        
03:00 0.080980  0.08098  7.288235   
06:00 0.067407  0.134815  12.133333   
09:00 0.060175  0.120351  10.831579    
12:00 0.054833  0.109667  9.870000    
15:00 0.047778  0.095556  8.600000   
18:00 0.040303  0.080606  7.254545   
21:00 0.032464  0.064928  5.843478   
00:00 0.031111  0.031111  2.800000 72 2116.429 
        
     2116.4291   
Conclusion  
time total % 
3 4.837937 13.715377 
5 6.876542 19.494748 
7.45 11.624307 32.954491 
9.5 14.658136 41.555285 
15 21.282026 60.333775 
24 28.861984 81.822683 
48 34.196799 96.946689 
 
72 35.273818 100.000000 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table (4.10): Determination total heat of hydration of three samples 
at 3 days     
Time Coarse Control Morefine 
3 1.936361 2.4962219 4.837937 
5 4.10564 4.2884583 6.876542 
7.45 10.50385 9.3997728 11.62431 
9.5 14.05138 12.661749 14.65814 
15 20.99346 22.426365 21.28203 
24 25.04479 28.305199 28.86198 
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48 27.8805 31.509811 34.1968 
72 28.1037 32.986396 35.27382 
 
 
 
4.5 Determination total heat of hydration at 7 days 
  
 Presented results of total heat of hydration at 7 days, results 
are illustrated on Tables (4.11), (4.12), (4.13), (4.14), (4.15), (4.16), 
(4.17) and (4.18) and Figure (4.9).  
 
 
 
 
 
 
 
 
 
 
 
 
 
           
Table (4.11): Determination heat capacity      
Number Time (min) 
Cbeckmann calorimeter 
temp. 
heating or 
 cooling correction 
1 0 0.04   
2 1 0.08   
3 2 0.12 initial  
4 3 0.16 correction  
5 4 0.2 0.04  
6 5 0.24   
     
7 6 3.88  -0.01789 
8 7 4.13  -0.02187 
 160
9 8 4.28  -0.02425 
10 9 4.43  -0.02664 
11 10 4.5  -0.02775 
12 11 4.61  -0.0295 
13 12 4.7  -0.03093 
14 13 4.83  -0.033 
15 14 4.9  -0.03411 
16 15 4.98  -0.03538 
17 16 5.18  -0.03856 
     
18 17 5.75   
19 18 5.75 final  
20 19 5.75 correction  
21 20 5.75 0  
22 21 5.75   
23 22 5.75   
    -0.31988 
 -0.31988    
Eq Y= - 0.0159X+0.0438 equation determined heating or cooling 
correction        
Temperature rise  = 5.75-0.24 = 11.57988 
Corrected temperature rise = 11.57988 - 0.31988 = 11.89976   
Wt. Of Z n O sample = 7.000g     
Room temperature = 32 oC        
Final temperature of calorimeter & content =38 o C  
[ ])(1.0)0.30(1.01.256
rise re temperatucorrected
(g)  ZnO ofwt 
  c) deg 1 (calcapacity  heat  The
θθθ ο−+−+
=
       (3.2) 
Heat capacity = 149.8266 cal/deg c 
 
 
 
 
Table (4.12): Heat of solution determination on unhydrous coarse  
Number Time (min) 
Cbeckmann 
calorimeter 
 temp. 
heating or cooling 
 correction 
0     
1 0 0.1   
2 1 0.17 intial  
3 2 0.27 correction  
4 3 0.37 0.1  
     
5 4 1.42  0.058956 
6 5 1.51  0.055068 
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7 6 1.55  0.05334 
8 7 1.94  0.036492 
9 8 2.37  0.017916 
10 9 2.56  0.009708 
11 10 3.06  -0.01189 
12 11 3.14  -0.01535 
13 12 3.17  -0.01664 
14 13 3.17  -0.01664 
15 14 3.17  -0.01664 
16 15 3.18  -0.01708 
17 16 3.19  -0.01751 
     
18 17 3.2   
19 18 3.18 final  
20 19 3.16 correction  
21 20 3.14 -0.02  
22 21 3.12   
23 22 3.1   
24 23 2.91   
25 24 2.89   
    0.119724 
Eq. Y= - 0.0432 X + 0.1203 equation determined heating or cooling 
correction       
Temperature rise = 3.19 - 0.37 = 2.82     
Corrected temperature rise = 2.82- 0.119724 = 2.700276 
Wt. Of Z n O sample = 3.000g     
Ignition loss = 6.35 per cent     
Room temperature = 33.5 c     
Final temperature of calorimeter & content = 39.5 oC  
Heat capacity of calorimeter = 149.8266 cal/deg c     
Heat of solution of unhydrous cements (cal/g-ignited weight) = 
)(2.0
loss ignitionfor  corrected sample ofWeight 
  Rise temp.corrected capacity Heat θθ ο−−×               (3.4) 
((149.8266 x 2.700276x100)/ 3x93.65)- 0.2(33.5-39.5) = 145.2018 cal/g  
 
Table (4.13): Heat of solution determination on unhydrous control 
sample         
Number Time (min) 
Cbeckmann 
calorimeter 
 temp. 
heating or cooling 
 correction 
0     
1 0 0.05  
2 1 0.2 
initial 
correction 
 
3 2 0.31 0.14  
4 3 0.45   
     
5 4 1.56 1.54 0.042816 
6 5 1.68 1.66 0.038148 
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7 6 2.83 2.8 -0.00659 
8 7 2.24 2.22 0.016364 
9 8 2.32 2.3 0.013252 
10 9 2.45 2.42 0.008195 
11 10 2.64 2.61 0.000804 
12 11 2.87 2.84 -0.00814 
13 12 2.98 2.95 -0.01242 
14 13 3.95 3.9 -0.05016 
15 14 3.25 3.21 -0.02293 
16 15 3.39 3.35 -0.02837 
17 16 3.42 3.38 -0.02954 
     
18 17 3.45   
19 18 3.28  
20 19 3.31 
final 
correction 
 
21 20 3.27 -0.04  
22 21 3.21   
23 22 3.17   
24 23 3.09   
25 24 3.03   
    -0.03856 
Eq. Y = -0.0389 X+0.1035 equation determined heating or cooling 
correction        
Temperature rise = 3.42 - 0.45 = 2.97     
Corrected temperature rise = 2.97- (- 0.03856) = 2.54  
Wt. Of ZnO sample = 3.000 g    
Ignition loss = 4.3 per cent  
Room temperature = 34oC     
Final temperature of calorimeter & content  39oC   
Heat capacity of calorimeter = 149.8266 cal/deg c     
Heat of solution of unhydrous cements (cal/g-ignited weight) =    
)(2.0
loss ignitionfor  corrected sample ofWeight 
  Rise temp.corrected capacity Heat θθ ο−−×               (3.4) 
((149.8266x3.008562x100)/3x95.7))-0.2(34-39) =158.0054 cal/g 
Table (4.14): Heat of solution determination on unhydrous morefine 
sample         
Number Time (min) 
Cbeckmann 
calorimeter 
 temp. 
heating or cooling 
 correction 
0     
1 0 0.09   
2 1 0.2  
3 2 0.3 
initial 
correction 
 
4 3 0.4 0.1  
     
5 4 1.38 1.15 0.049818 
6 5 1.48 1.24 0.045928 
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7 6 1.59 1.33 0.041649 
8 7 1.69 1.41 0.037759 
9 8 1.81 1.51 0.033091 
10 9 1.95 1.63 0.027645 
11 10 2.02 1.69 0.024922 
12 11 2.54 2.12 0.004694 
13 12 2.65 2.21 0.000415 
14 13 2.82 2.35 -0.0062 
15 14 3.04 2.54 -0.01476 
16 15 3.26 2.72 -0.02331 
17 16 3.36 2.8 -0.0272 
     
18 17 3.45   
19 18 3.4  
20 19 3.34 
final 
correction 
 
21 20 3.3 -0.04  
22 21 3.22   
23 22 3.18   
24 23 3.13   
25 24 3.08   
    0.194449 
 Eq. Y=- 0.0389X+ 0.1035 equation determined heating or cooling 
correction       
Temperature rise = 3.36-0.4 = 2.96     
Corrected temperature rise = 2.96 - 0.194449 = 2.765551 
Wt. Of ZnO sample = 3.000g     
Ignition loss = 3.85 per cent 
Room temperature = 30.5oC     
Final temperature of calorimeter & content  = 38oC   
Heat capacity of calorimeter =  149.8266 cal/deg c     
Heat of solution of unhydrous cements (cal/g-ignited weight) = 
)(2.0
loss ignitionfor  corrected sample ofWeight 
  Rise temp.corrected capacity Heat θθ ο−−×               (3.4) 
 ((149.8266x2.765551x100)/3x96.15))-0.2(30.5-38) = 145.1482 cal/g   
Table (4.15): Heat of solution determination on hydrated cement of 
coarse sample, 7 days storage        
Number Time (min) 
Cbeckmann calorimeter  
temp. 
heating or cooling  
correction 
0     
1 0 0.05   
2 1 0.09   
3 2 0.14  
4 3 0.18 
Initial 
correction  
5 4 0.22 0.04  
     
6 5 0.27 0.27 0.034469 
7 6 0.35 0.35 0.032445 
8 7 0.76 0.76 0.022072 
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9 8 0.95 0.95 0.017265 
10 9 1.1 1.1 0.01347 
11 10 1.22 1.22 0.010434 
12 11 1.33 1.33 0.007651 
13 12 1.46 1.46 0.004362 
14 13 1.85 1.85 -0.00551 
15 14 1.98 1.98 -0.00879 
16 15 2.15 2.15 -0.0131 
17 16 2.19 2.19 -0.01411 
18 17 2.25 2.25 -0.01563 
19 18 2.31 2.31 -0.01714 
20 19 2.35 2.35 -0.01816 
21 20 2.37 2.37 -0.01866 
     
22 21 2.4   
23 22 2.36  
24 23 2.32 
final 
correction  
25 24 2.28 -0.04  
26 25 2.24   
27 26 2   
28 27 1.96   
29 28 1.92   
    0.072383 
Eq. Y= - 0.0253 x + 0.0413 equation determined heating or cooling 
correction       
Temperature rise = 2.37 - 0.22 = 2.15     
Corrected temperature rise = 2.15- 0.072383 = 2.077617 
Wt. Of ZnO sample = 4.2g   ;     Room temperature = 33oC    
Ignition loss = 6.35 per cent   
Final temperature of calorimeter & content  = 38oC  
Heat capacity of calorimeter = 149.8266 cal/deg c     
Heat of solution of hydrated cement (cal/g ignited weight) =  
)(4.0
loss ignitionfor  corrected sample ofWeight 
  Rise temp.corrected capacity Heat θθ ο−−×               (3.5)   
 ((149.8266x2.077617x100)/(4.2x93.65))-0.4(33-38)= 81.14024 cal/g  
Table (4.16): Heat of solution determination on hydrated cement of 
control sample,  7 days storage        
Number Time (min) 
Cbeckmann 
calorimeter  
temp. 
heating or cooling 
correction 
0     
1 0 0.06   
2 1 0.11   
3 2 0.16  
4 3 0.21 
initial 
correction  
5 4 0.26 0.05  
6 5 0.31   
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7 6 0.84 0.84 0.029424 
8 7 0.92 0.92 0.027312 
9 8 1.13 1.13 0.021768 
10 9 1.25 1.25 0.0186 
11 10 1.37 1.37 0.015432 
12 11 1.53 1.53 0.011208 
13 12 1.78 1.78 0.004608 
14 13 2 2 -0.0012 
15 14 2.18 2.18 -0.00595 
16 15 2.27 2.27 -0.00833 
17 16 2.33 2.33 -0.00991 
18 17 2.48 2.48 -0.01387 
19 18 2.61 2.61 -0.0173 
20 19 2.79 2.79 -0.02206 
21 20 2.84 2.84 -0.02338 
22 21 2.89 2.89 -0.0247 
     
23 22 2.95  
24 23 2.89 
final 
correction  
25 24 2.84 -0.06  
26 25 2.78   
27 26 2.72   
28 27 2.68   
29 28 2.63   
    0.104856 
Eq. Y= - 0.0264 x + 0.0516 equation determined heating or cooling 
correction        
Temperature rise = 2.89- 0.31 = 2.58 
Corrected temperature rise = 2.58- 0.104856 = 2.475144 
Wt. Of ZnO sample = 4.2g ; Ignition loss = 4.3 per cent  
Room temperature = 32.5oC     
Final temperature of calorimeter & content = 38.5 oC 
Heat capacity of calorimeter = 149.8266 cal/deg c      
Heat of solution of hydrated cement (cal/g ignited weight) =  
)(4.0
loss ignitionfor  corrected sample ofWeight 
  Rise temp.corrected capacity Heat θθ ο−−×               (3.5)   
 ((149.8266x2.475144x100)/(4.2x95.7))-0.4(32.5-38.5) = 94.66313 cal/g    
Table (4.17): Heat of solution determination on hydrated cement of 
morefine sample, 7 days storage        
Number Time (min) 
Cbeckmann 
calorimeter 
 temp. 
heating or cooling 
 correction 
0     
1 0 0.05   
2 1 0.1   
3 2 0.15 initial  
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4 3 0.2 correction  
5 4 0.25 0.05  
     
6 5 0.46 0.46 0.036198 
7 6 0.62 0.62 0.030806 
8 7 0.79 0.79 0.025077 
9 8 0.98 0.98 0.018674 
10 9 1.16 1.16 0.012608 
11 10 1.24 1.24 0.009912 
12 11 1.38 1.38 0.005194 
13 12 1.49 1.49 0.001487 
14 13 1.63 1.63 -0.00323 
15 14 1.77 1.77 -0.00795 
16 15 1.89 1.89 -0.01199 
17 16 2.1 2.1 -0.01907 
18 17 2.15 2.15 -0.02076 
19 18 2.23 2.23 -0.02345 
20 19 2.26 2.26 -0.02446 
21 20 2.31 2.31 -0.02615 
22 21 2.35 2.35 -0.0275 
     
23 22 2.37  
24 23 2.31 
final 
correction  
25 24 2.26 -0.05  
26 25 2   
27 26 2.15   
28 27 2.1   
29 28 2.06   
    -0.00309 
Eq Y=-0.0337x + 0.0517 equation determined heating or cooling 
correction        
Temperature rise = 2.35- 0.25 = 2.1      
Corrected temperature rise = 2.1 - (-0.00309) =  2.103088  
Wt. Of ZnO sample = 4.2g  ;    Ignition loss = 3.85 per cent    
Room temperature = 31oC  
Final temperature of calorimeter & content  = 38 oC 
Heat capacity of calorimeter = 149.8266 cal/deg c      
Heat of solution of hydrated cement (cal/g ignited weight) =  
)(4.0
loss ignitionfor  corrected sample ofWeight 
  Rise temp.corrected capacity Heat θθ ο−−×               (3.5)   
 ((149.8266x2.103088x100)/4.2x96.15))-0.4(31-38)= 80.82752 cal/g     
Table (4.18): Total heat of hydration at 7 days for three samples in 
cal/g      
Sample unhydrate hydrate total 
Coarse 145.2 81.1 64.1 
Control 158 94.6 63.4 
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Morefine 145.1 80.8 64.3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.6 Slump test 
 
Results of slump test are presented in Table (4.19). Also presented 
results of bleeding of concrete, results are illustrated on Table (4.22) and 
Figures (4.10) and (4.11). 
Concrete mix design (1) 
(For workability & segregation)  
1.Characteristic strength                   compressive 25 N/mm2 at 28 days 
                                                          Proportion defective 5% 
2.standard deviation                          8 N/mm2 
3. Margin                                           k = 1.64,  1.64 × x 8 = 13 N/mm2 
4.Target mean strength                      25+13 = 38N/mm2 
5. Cement type                                  Ordinary Portland Cement  
 168
6.Aggregate type coarse:                   uncrushed 
7. Aggregate type fine:                     uncrushed 
8.free- water /cement: ratio               0.52 
9.slump                                              30- 60 
10. Maximum aggregate size            20 mm 
11. Free water content                      180 kg/m3 
12.cement content                             180/0.52 = 346 kg / m3 
13. Relative density of aggregate      2.6 
14. Concrete density                          2375 kg/m3 
15. Total aggregate content               2375-346-180 = 1849 kg/m3 
16. Grading fine aggregate          52.3 % passing sieve No.600  µm 
17. Proportion of fine aggregate        30% 
18. Fine aggregate content                1849 × 0.3 = 555 kg /m3 
19. Coarse aggregate content            1849-555 = 1294 kg/m3 
 
Quantities 
Cement                    346  kg/m3 
Water                      180   kg/m3 
Fine aggregate        555   kg/m3 
Coarse aggregate   1299  kg/m3   
 
 
Table (4.19): Sieve analysis of fine aggregate  
Sieve  
size 
mm 
Individual 
 by weight  
passing  
sieve 
g 
Individual  
by weight 
 retain sieve 
g 
Accumulative 
Retain 
% 
Accumulative 
Passing 
 
% 
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9.5 
4.75 
2.36 
1.18 
600µm 
300µm 
150µm 
 
 
 
 
7.6 
37.5 
98 
92.9 
48.1 
 
 
 
7.6 
45.1 
143.1 
236 
284.1 
 
 
 
2.53 
15.03 
47.7 
78.66 
94.7 
 
 
 
97.46 
84.96 
52.3 
21.33 
5.3 
Results: passing sieve No. 600 µm 
Weight of sample 300g 
 
 
 
 
 
Table (4.20): Sieve analysis of coarse aggregate  
   
Sieve  
size 
mm 
 
Individual  
by weight 
 passing  
sieve 
g 
 
Individua
l 
by weight 
retain  
sieve 
g 
 
Accumulative 
 retain 
% 
Accumulative 
 passing 
% 
 
50 
37.5 
20 
14 
10 
5 
 
 
 
 
 
573 
861 
442 
121 
 
 
 
573 
1434 
1876 
1997 
 
 
 
28.65 
71.7 
93.8 
99.85 
 
 
 
71.35 
28.3 
6.2 
0.15 
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Table (4.21): Slump test 
Sample 
Blaine 
Finenes
s 
cm2/g 
Decrease 
Fineness 
% 
Slump 
reading 
Average 
mm 
Increa- 
sing 
Slump 
% 
More 
fine 3512  33 30 29 30  
Control 3201 8.8 83 70 45 66 54.5 
Coarse 2935 8.3 65 76 77 72 8.3 
 
 
 
 
4.7 Bleeding test  
 
Table (4.22): Measured bleeding of concrete in cm3/cm2 as affected by 
cement fineness.  
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  ii nn
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gg   
ii nn
  %%
  
Coarse 2935  31 61.2 50 20 60 
  9 19.3  28  38.3 
Control 3201  25 44 36 2.7 37 
  9.7 12  30.5  10.8 
fine 3512  22 13.6 25 32 33 
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4.8 Shrinkage test 
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Presented results of test of plastic shrinkage under laboratory 
conditions, results are illustrated on Tables (4.25), (4.26) and (4.27) 
and Figure (4.17). Also are illustrated results of plastic shrinkage 
under external conditions on Tables (4.28), (4.29) and (4.30) and 
Figure (4.13). On Table (4.31) illustrated results of three samples 
under laboratory conditions and on Table (4.32) illustrated results of 
three samples under external conditions and on Table (4.33) and 
Figure (4.15) illustrated both results under laboratory and external 
conditions for three samples. 
 
 
 
 
 
Table (4.23): Sieve analysis of fine aggregate  
 
Sieve  
size 
mm 
Individual  
by weight 
 passing 
 sieve 
g 
Individual 
 by weight  
retain  
sieve 
g 
Accumulativ
e 
Retain 
% 
Accumulative 
Passing 
% 
  
9.5  
4.75  
2.36  
1.18 
600µm 
300µm 
150µm 
 
 
 
 
7.6 
37.5 
98 
92.9 
48.1 
 
 
 
7.6 
45.1 
143.1 
236 
284.1 
 
 
 
2.53 
15.03 
47.7 
78.66 
94.7 
 
 
 
97.46 
84.96 
52.3 
21.33 
5.3 
Results: passing sieve No. 600 µm 
Weight of sample 300g 
 
 
 
 
 
Table (4.24): Sieve analysis of coarse aggregate  
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Sieve 
size 
mm 
 
Individual 
by weight 
Passing 
sieve 
g 
 
Individua
l 
by weight 
retain 
sieve 
g 
 
Accumulative 
retain 
% 
Accumulative 
passing 
% 
 
10 
5 
 
 
 
442 
121 
 
1876 
1997 
 
93.8 
99.85 
 
6.2 
0.15 
 
 
 
 
Concrete mix design (2) 
 
1.Characteristic strength                   compressive 25 N/mm2 at 28 days 
                                                          Proportion defective    5% 
2.standard deviation                         8N/mm2 
3. Margin                                          k =1.64 ,  1.64 × 8=13 N/mm2 
4.Target mean strength                     25+13 = 38N/mm2 
5. Cement type                                 ordinary Portland cement 
6.Aggregate type coarse:                 uncrushed 
7. Aggregate type fine:                    uncrushed 
8.free- water /cement: ratio              0.52 
9.slump                                             30 - 60 
10. Maximum aggregate size          10 mm 
11. Free water content                     205 kg/m3 
12.cement content                           205/0.52 = 394.2 kg / m3 
13. Relative density of aggregate   2.6 
14. Concrete density                      2340 kg/m3 
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15. Total aggregate content           2340-394-205 = 1741 kg/m3 
16. Grading fine aggregate          52.3 % passing sieve No. 600 µm 
17. Proportion of fine aggregate    30% 
18. Fine aggregate content            1741 x 0.3 = 522 kg/m3 
19. Coarse aggregate content        1741-522 =1219 kg/m3 
Quantities 
Cement                    394 kg/m3 
Water                      205 kg/m3 
Fine aggregate        522 kg/m3 
Coarse aggregate    1219 kg/m3                         
   
 
 
Plastic shrinkage     
        
Table (4.25): Morefine sample tested under lab. conditions  
  
Number Time Temp. oC Gauge reading Hours dl/l × 1000 
1 01:00 P.M 23 0 1 0 
2 02:00 P.M 23.5 0.064 2 0.255489 
3 03:00 P.M 23.5 0.086 3 0.343313 
4 04:00 P.M 23.5 0.09 4 0.359281 
5 05:00 P.M 23.5 0.104 5 0.41517 
6 06:00 P.M 24 0.11 6 0.439122 
7 07:00 P.M 24 0.112 7 0.447106 
8 08:00 P.M  24 0.112 8 0.447106 
9 09:00 P.M 24 0.112 9 0.447106 
10 10:00 P.M 23 0.112 10 0.447106 
11 11:00 P.M 23 0.112 11 0.447106 
19 08:00 A.M 23 0.131 19 0.522954 
24 01:00 P.M 24 0.141 24 0.562874 
       
         
       
  
 
 
   
Table (4.26): Control sample tested under lab. conditions    
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Number Time Temp.oC Gauge reading Hours dl/l × 1000 
1 01:00 P.M 24 0  1 0 
2 02:00 P.M 23.5 0.059 sat19.1 2 0.235529 
3 03:00 P.M 23 0.069  3 0.275449 
4 04:00 P.M 23 0.07  4 0.279441 
5 05:00 P.M 23 0.073  5 0.291417 
6 06:00 P.M 23 0.074  6 0.295409 
7 07:00 P.M 23 0.074  7 0.295409 
8 08:00  P.M 23 0.074  8 0.295409 
9 09:00 P.M 23 0.074  9 0.295409 
10 10:00 P.M 23 0.074  10 0.295409 
11 11:00 P.M 23 0.074  11 0.295409 
19 08:00 A.M 22.5 0.08 sun20.1 19 0.319361 
24 01:00 P.M 23 0.08  24 0.319361 
 
 
 
 
 
Table (4.27): Coarse sample tested under lab. conditions  
  
Number Time Temp.oC Gauge reading Hours dl/l × 1000 
1 01:00 P.M 24 0 mond21.1 1 0 
2 02:00 P.M 24.5 -0.021  2 -0.08383 
3 03:00 P.M 24.5 -0.015  3 -0.05988 
4 04:00 P.M 24 -0.01  4 -0.03992 
5 05:00 P.M 24.5 -0.006  5 -0.02395 
6 06:00 P.M 24 -0.005  6 -0.01996 
7 07:00 P.M 24 -0.004  7 -0.01597 
8 08:00 P.M 24 -0.004  8 -0.01597 
9 09:00 P.M 24 -0.004  9 -0.01597 
10 10:00 P.M 24 -0.004  10 -0.01597 
11 11:00 P.M 24 -0.004  11 -0.01597 
19 08:00 A.M 23 0.005 tus22.1 19 0.01996 
24 01:00 P.M 24.5 0.009  24 0.035928 
       
       
      
 176
Table (4.28): Morefine sample tested under external conditions   
Number Time Temp.oC 
Gauge reading Hours dl/l × 1000 
1 12:00 P.M 34 0 1 0 
2 01:00 P.M 34.5 0.162 2 0.646707 
3 02:00 P.M 34 0.18 3 0.718563 
4 03:00 P.M 29.5 0.175 4 0.698603 
5 04:00 P.M 29 0.168 5 0.670659 
6 05:00 P.M 26 0.159 6 0.634731 
7 06:00 P.M 24.5 0.156 7 0.622754 
RH 19%  
       
Table (4.29): Control sample tested under external conditions   
Number Time Temp. oC 
Gauge reading Hours dl/l × 1000 
1 12:00 P.M 32.5 0 1 0 
2 01:00 P.M 34 0.001 2 0.003992 
3 02:00 P.M 35 0.01 3 0.03992 
4 03:00 P.M 35.5 0.012 4 0.047904 
5 04:00 P.M 31 0 5 0 
6 05:00 P.M 29.5 -0.001 6 -0.00399 
7 06:00 P.M 25 -0.005 7 -0.01996 
RH 19% 
 
Table (4.30): Coarse sample tested under external conditions   
Number Time Temp. oC 
Gauge reading Hours dl/l × 1000 
1 12:00 P.M 36.5 0 1 0 
2 01:00 P.M 38 -0.05 2 -0.1996 
3 02:00 P.M 36 -0.025 3 -0.0998 
4 03:00 P.M 32 -0.044 4 -0.17565 
5 04:00 P.M 30 -0.05 5 -0.1996 
6 05:00 P.M 28.5 -0.059 6 -0.23553 
7 06:00 P.M 26 -0.065 7 -0.25948 
RH 19% 
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Table (4.31): Plastic shrinkage under lab. conditions    
hours More fine Control Coarse 
2 0.255489022 0.235529 -0.08383 
3 0.343313373 0.275449 -0.05988 
4 0.359281437 0.279441 -0.03992 
5 0.415169661 0.291417 -0.02395 
6 0.439121756 0.295409 -0.01996 
7 0.447105788 0.295409 -0.01597 
8 0.447105788 0.295409 -0.01597 
9 0.447105788 0.295409 -0.01597 
10 0.447105788 0.295409 -0.01597 
11 0.447105788 0.295409 -0.01597 
19 0.522954092 0.319361 0.01996 
24 0.562874251 0.319361 0.035928 
 
 
 
Table (4.32): Plastic shrinkage under external conditions  
  
Hours fine Control Coarse 
2 0.646706587 0.003992 -0.1996 
3 0.718562874 0.03992 -0.0998 
4 0.698602794 0.047904 -0.17565 
5 0.670658683 0.00000 -0.1996 
6 0.634730539 -0.00399 -0.23553 
7 0.622754491 -0.01996 -0.25948 
 
 
 
Table (4.33): Plastic shrinkage under lab. and external conditions  
HH
oo uu
rr ss
  
Morefine 
(lab.) 
Control 
(lab.) 
Coarse 
(lab.) 
Fine 
(external)
Control 
(external)
Coarse 
(external) 
2 0.255489 0.235529 -0.083832 0.646707 0.003992 -0.199601 
3 0.343313 0.275449 -0.059880 0.718563 0.039920 -0.099800 
4 0.359281 0.279441 -0.039920 0.698603 0.047904 -0.175649 
5 0.415170 0.291417 -0.023952 0.670659 0.000000 -0.199601 
6 0.439122 0.295409 -0.019960 0.634731 -0.003992 -0.235529 
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7 0.447106 0.295409 -0.015968 0.622754 -0.019960 -0.259481 
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4.9 Creep test 
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Presented results of creep test for three samples, results illustrated 
on Tables (4.34), (4.35) and Figure (4.16). 
     
       
Gauge No. 1 accuracy 0.01mm       
Gauge No. 2 accuracy 0.01mm     
Gauge No. 3 accuracy 0.01mm       
Gauge No.4 accuracy 0.001 in       
Table (4.34): Length change in concrete cylinders     
Gauge number Gauge reading length change 
1 day 
1 0 0 Coarse 
2 0 0 Control 
3 0 0 Fine 
4 0   
2 day 
1 0.06 0.02 Coarse 
2 0.04 0.03 Control 
3 0.07 0.057 Fine 
4 0.127   
3 day 
1 0.07 0.025 Coarse 
2 0.045 0.045 Control 
3 0.09 0.075 Fine 
4 0.165   
4 day 
1 0.08 0.025 Coarse 
2 0.055 0.05 Control 
3 0.105 0.078 Fine 
4 0.183   
5 day 
1 0.09 0.025 Coarse 
2 0.065 0.05 Control 
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3 0.115 0.103 Fine 
4 0.218   
 
6 day 
1 0.095 0.029 Coarse 
2 0.066 0.05 Control 
3 0.116 0.115 Fine 
4 0.231   
7 day 
1 0.1 0.029 Coarse 
2 0.071 0.05 Control 
3 0.121 0.126 Fine 
4 0.247   
second week 
1 0.16 0.03 Coarse 
2 0.19 0.062 Control 
3 0.252 0.138 Fine 
4 0.39   
third week 
1 0.18 0.034 Coarse 
2 0.146 0.063 Control 
3 0.209 0.146 Fine 
4 0.355   
4th week 
1 0.25 0.033 Coarse 
2 0.217 0.074 Control 
3 0.291 0.153 Fine 
4 0.444   
5th week 
1 0.272 0.033 Coarse 
2 0.239 0.07 Control 
3 0.309 0.156 Fine 
4 0.465   
6th week 
1 0.283 0.036 Coarse 
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2 0.247 0.072 Control 
3 0.319 0.173 Fine 
4 0.492   
 
7th week 
1 0.296 0.039 Coarse 
2 0.257 0.078 Control 
3 0.335 0.184 Fine 
4 0.519   
8th week 
1 0.321 0.041 Coarse 
2 0.28 0.075 Control 
3 0.355 0.188 Fine 
4 0.543   
9th week 
1 0.339 0.041 Coarse 
2 0.298 0.077 Control 
3 0.375 0.191 Fine 
4 0.566   
10th week 
1 0.36 0.041 Coarse 
2 0.319 0.078 Control 
3 0.397 0.196 Fine 
4 0.593   
11th week 
1 0.391 0.042 Coarse 
2 0.349 0.079 Control 
3 0.428 0.203 Fine 
4 0.631   
12th week 
1 0.434 0.043 Coarse 
2 0.391 0.08 Control 
3 0.471 0.206 Fine 
4 0.677   
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Table (4.35): Creep of concrete increased by increasing cement 
fineness.        
Time Coarse Control More  fine 
incr.from  
corse to  
standard in 
% 
incr.from  
standard to 
 finer in % 
1 day 0.000 0.000 0.000   
2 day  0.020 0.030 0.057 50.00 90.00 
3 day 0.025 0.045 0.075 80.00 66.67 
4 day 0.025 0.050 0.078 100.00 56.00 
5 day 0.025 0.050 0.103 100.00 106.00 
6 day 0.029 0.050 0.115 72.41 130.00 
7 day 0.029 0.050 0.126 72.41 152.00 
2th week 0.030 0.062 0.138 106.67 122.58 
3th week 0.034 0.063 0.146 85.29 131.75 
4th week 0.033 0.074 0.153 124.24 106.76 
5th week 0.033 0.070 0.156 112.12 122.86 
6th week 0.036 0.072 0.173 100.00 140.28 
7theek 0.039 0.078 0.184 100.00 135.90 
8th week 0.041 0.075 0.188 82.93 150.67 
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9th week 0.041 0.077 0.191 87.80 148.05 
10th week 0.041 0.078 0.196 90.24 151.28 
11th week 0.042 0.079 0.203 88.10 156.96 
12th week 0.043 0.080 0.206 86.05 157.50 
Blaine fineness was increased by 9 % from coarse to standard sample
  
Blaine fineness wasincreased by 9.7 % from standard to finer sample
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CHAPTER FIVE 
DISCUSSION 
 
 5.1 Strength 
 The experimental results in Table (4.2) and Figure (4.1) 
indicate that the 3 days compressive strength increases as the fineness 
of cement. Increase of fineness from 2935 cm2/g, to 3201 cm2/g, 
increase the 3 days strength from 22 N/mm2 to 24.8 N/mm2 (12.7%), 
but further increase of fineness from 3201 cm2/g to 3512 cm2/g, 
increase the 3 days strength only from 24.8 N/mm2 to 25.4 N/mm2 
(2.3%), which agrees with SARKERS (15) results. 
The 7 days compressive strength also increases as the fineness, 
but the percentage increment is less than the 3 days strength, from 
coarse to control sample (5.2%) and from control to fine sample 
(1.6%) only which match’s NEVILLE (2) results. 
The 28 days strength increased from 43.3 N/mm2 to 44.4 N/mm2 
(2.4%) due to an increase in fineness from 2935 cm2/g to 3201 cm2/g 
(9%) and from 44.4 N/mm2 to 48.1 N/mm2 (8.2%) due to a change of 
fineness from 3201 cm2/g to 3512 cm2/g (9.7%), where as the over all 
increase in the strength (43.3 N/mm2 to 48.1 N/mm2) is 11.1% due to 
19.7% increase in fineness, which agrees with Sarker’s results; 
change in 28 days strength (36.7 to 46.0 N/mm2) is 25.3% due to 
increase in fineness by 50.9%. 
Both the 90 and 180 days compressive strength show, slight 
increase in strength due to fineness increase, which agrees with W. H. 
PRICE  (1) & NEVILLE. 
Cements with different fineness show rapid gain in early strength 
Figure (4.4).   
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5.2 Rate of heat of hydration 
5.2.1 coarse sample 
  The process of heat generation started immediately after 
mixing water with cement. Five minutes after starting the 
experiment, the rates of heat of hydration were recorded. The first 
reading of rate of heat of hydration for coarse sample is 0.84 cal/g 
/hrs then the rate decreased with time until 35 minutes from start, at 
which the rate of heat was found to be 0.6 cal/g /hrs, then the rate of 
heat increased with time and reach maximum value of 2.42 cal/g /hrs 
at 6 hrs 30 minutes (second peak). Then after the rate decrease 
rapidly to 0.23 cal/g /hrs during 24 hrs. In the remaining 48 hrs the 
rate of heat generation continued until the end of experiment. The 
results are shown in Table (4.6) & Figure (4.5) 
5.2.2 Control sample 
  Table (4.5), and Figure (4.6), indicated that the rate of heat 
generation of control sample after 5 minutes from experiment start is 
3.36 cal/g/hrs, then decreased rapidly in 110 minutes to 0.572 
cal/g/hrs, followed by increase in the rate of heat generation during 
the coming 370 minutes to 2.28 cal/g/hrs (maximum value – second 
peak), then after, the process of heat generation continued with a 
decreasing rate up to the end of the experiment at 3 days.   
5.2.3 Finer sample  
 Table (4.6), and Figure (4.7), indicate that the rate of heat 
generation of more fine sample after 5 minutes from experiment start 
is 5.04cal/g/hrs, then decreased rapidly in 165 minutes to 0.967 
cal/g/hrs, followed by increase in the rate of heat generation during 
the coming 255 minutes to 1.89 cal/g/hrs (maximum value - second 
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peak), then after, the process of heat generation continued with a 
decreasing rate up to the end of the experiment at 3 days.              
Table (4.6) and Figure (4.8), shows results of three samples, 
results, indicate that the rate of heat generation increases as cement 
fineness increase. 
Results in Tables (4.7), (4.8) and (4.9), indicated that area 
under curves for Figures (4.20), (4.21) and (4.22), area under equal to 
the total heat of hydration at 3 days for each sample. 
  Table (4.7) of coarse sample, shows that, after 15 hrs from start 
of the experiment most of heat is generated (74.6%), and from 15 to 
24 hrs is generated (14.5%), and from 24 to 48 hrs is generated 
(10%), and from 48 to 72 hrs is generated (0.8%) from total heat at 3 
days. The total heat of hydration for coarse sample at 3 days is 28.1 
cal/g; this value is equal to 55.6% from total heat of hydration at 7 
days for coarse sample Table (4.17). 
Table (4.7), of control sample, shows that, after 15 hrs from 
start of the experiment most of heat is generated (67.9%), and from 
15 to 24 hrs is generated (5.9%), and from 24 to 48 hrs is generated 
(9.7%), and from 48 to 72 hrs is generated (4.5%), from total heat at 
3 days. The total heat of hydration of control sample at 3 days is 32.9 
cal/g; this value is equal 48% from total heat of hydration at 7 days 
for control sample Table (4.18). 
Table (4.9) of finer sample, shows that after 15 hrs from start 
of the experiment most of heat is generated (60.3%), and from 15 to 
24 hrs is generated (21.5%), and from 24 to 48 hrs is generated 
(15.1%), and from 48 to 72 hrs is generated (3.1%) from total heat at 
3 days. The total heat of hydration of finer sample at 3 days is 35.2 
cal/g; this value is equal 45.2% from total heat of hydration at 7 days 
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for finer sample Table (4.18). This result agrees with NEVILLE (2) 
results. 
As mentioned before, increased cement fineness increases rate 
of heat generation, this result agrees with result of NEVILLE, ACI 
committee report (13), report of concrete technology  & JACKSON (17)  
5.3 Total heat of hydration at 7 days 
 Table (4.18), shows total heat of hydration at 7 days for 3 
samples. The total heat of coarse sample is 64.06 cal/g; control 
sample is 63.6 cal/g and fine sample is 64.3 cal/g. result indicate that 
increases of cement fineness has no affect on total heat of hydration 
at 7 days, result agrees with report of NEVILLE, report of concrete 
technology today, (12) ORCHARD (21), report of ACI committee.       
5.4 Workability 
From Table (4.21), the measurement results indicate that when 
Blaine fineness is increased by 9% from coarse to control sample, 
slump decreases by 8.3%, and when Blaine fineness increased by 
9.7% from control to more fine the sample, slump decreases by 
54.5%. From Table (4.21) the results of measurement for three 
samples proved that the different behaviors of concrete, that, slump 
decreases as Blaine fineness of cement increase, this is explained 
through the effect of Blaine fineness of cement on water content of 
the mix, because a coarse range of cement increases water in concrete 
mix and more fine range decreases water in concrete mix, since 
greater fineness increased the surface available for hydration, and 
speed up hydration. 
  The result, on Table (4.21) agrees with a report of 
MURDOCK, (23) and BLACKLEDGE, that an increase in fineness of 
cement results in a reduction in water cement ratio, and greater 
fineness improves the cohesiveness of concrete mix. Also ORCHARD 
 189
(21) agrees with results on Table (4.21) and with MURDOCK, that the 
fineness of cement has an effect on workability of concrete; increase 
in the fineness of cement increases the cohesiveness of the concrete 
mix. Considerable evidence has been presented and shows that slump 
test is very useful in detecting variations in the uniformity of mix. 
 This is to be unfavorable for Sudan as loss of workability leads 
to increasing water content.     
5.5 Bleeding 
The results of the measurements proved different behavior of 
cement concretes of three samples in the studied period of vibration. 
It is evident from the experiment bleeding started immediately after 
the process of vibration start, and increased by increasing time of 
vibration. From Table (4.22) and Figure (4.10) and (4.11), the value 
of accumulative bleeding of more fine sample increased by 13.6%, 
when time of vibration increased from 2 to 4 minutes, and increased 
by 32% when increased time of vibration from 4 to 6 minutes, and 
similar results on control & coarse sample, accumulative bleeding 
increased by increasing time of vibration. 
From both Table (4.22) and Figures (4.10) & (4.11), when 
Blaine fineness is increased by 9% from coarse to control sample, the 
accumulative bleeding decreased by 19.3%, 28% and 38.3%, when 
vibrating samples for 2, 4 and 6 minutes. 
Results proved, bleeding of cement concrete decrease as the 
fineness increases, and agrees with results of HIGGINSON (16), 
SIRSIM (27) and POWERS, (20) also these results agrees with results of 
other test made to indicate effect of the cement fineness on concrete 
bleeding and water content. Plate (9), of concrete prism of coarse 
sample vibration for 2 minutes, plate shows bleeding of coarse 
sample is higher than bleeding concrete of control sample, on plate 
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(8), and highest than bleeding concrete of more fine sample on plate 
(7), for the same time of vibration. Plate (7), (8), and (9) indicate that 
Blaine fineness of the cement affected water content of concrete mix 
and bleeding of concrete. Increasing of cement fineness decreased 
water content and bleeding. 
Other test is made, using other concrete mix (concrete mix 1), 
using concrete mould cube vibrated for 6 minutes results agrees with 
above. Plate (6), shows that water content of coarse sample of 
concrete mix and bleeding is higher than on plate (5) of control 
sample, and highest than on plate (4) of more fine sample. Results of 
plate (4), (5) and (6) indicate that there is a decrease in water content 
and bleeding of concrete as the cement fineness.  
This is will cause problem in Sudan as the bleeding is the 
protection against plastic shrinkage, thus reduced bleeding can cause 
increase in cracking resulting from plastic shrinkage.          
5.6 Plastic shrinkage  
The experiment presented measurements of volume change 
cement concrete’s in an early stage of their hardening. The proposed 
method makes it possible to measure volume change from the final 
setting phase of the measured sample. The temperature at laboratory 
and of the ambient air (external conditions) by a measured 
thermometer; the investigated mixtures were made of OPC cements 
for concrete prisms. The composition of the mix design is given in 
chapter (4). Measurement was carried out at temperature of 23 – 24 
ºC and relative humidity in laboratory conditions was 18-22 %. And 
temperature of 24 - 38 ºC. Most tests lasted at 7 to 24 hours; the 
measurement results are given in the tables and the in closed 
illustrations. 
5.6.1 Under laboratory conditions  
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  On Figure (4.13) the course of length changes for concrete 
during the first 24 hours of hardening at laboratory conditions is 
shown. Its evident from the diagram, that, the maximum value of 
shrinkage occurs after 24 hours from the final setting time of all 
three samples of different fineness, its value being 0,5622 for more 
fine sample and 0,3193 for control sample and 0,0359 for coarse 
sample. On Figure (4.13) also its evident from the diagram that, 
maximum value of swelling takes place approximately since the 
process of hardening started, particular coarse sample, its value 
being -0.0838, and decreased until 15 hours after their final setting 
time, then the process of course of length change start, the maximum 
value of length change for coarse sample takes place after 24 hours 
from the final setting time of sample. 
  Swelling in coarse sample according to the surface area is 2935 
cm2/g this is greater one of particles size, and cement paste or 
concrete cured continuously in water from the time of casting 
exhibits a net increase in volume and an increase in weight. This 
swelling is due to the absorption of water by the cement gel, the water 
molecules act against the cohesive forces and tend to forces the gel 
particles further apart, with a resultant swelling pressure. In 
addition, the coarse sample has more water than the control sample 
and more fine sample, and the ingress of water decrease the surface 
tension of the gel, and a further small expansion take place. 
From the Tables (4.25), (4.26) and (4.27) and Figure (4.13), the 
values of length change for the fine sample, control sample and the 
swelling coarse sample, after final setting time were constant for each 
sample for the time interval from 6 to 11 hours.  
From Figure (4.13) its evident from the diagram the process of 
course of length change in three samples, started since their casting, 
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the process is quick until 6 hours from the final setting time for three 
samples, as the cement paste is plastic it undergoes a volumetric 
contraction whose magnitude is of the order of one percent of the 
absolute volume of dry cement. This contraction is known as plastic 
shrinkage, since it takes place while the concrete is still in the plastic 
state; loss of water by evaporation from the surface of concrete or by 
suction by concrete below aggravates the plastic shrinkage. 
From the Table (4.25) and Figure (4.13), the plastic shrinkage 
of more fine sample increased by 62.5%, after 5 hours from the final 
setting time of the sample, and increased by 7.6% from 5 hours to 10 
hours, and increased by 25.8% from 10 hours to 24 hours. 
From the Table (4.26) and Figure (4.13), the plastic shrinkage of the 
control sample increased by 23.7%, after 5 hours from the final 
setting time of sample, and increased by 1.3%, from 5 hours to 10 
hours, and increased by 8.1% from 10 hours to 24 hours. 
From the Table (4.27) and Figure (4.13), the plastic shrinkage 
of coarse sample increased by 71.4%, after 5 hours from the final 
setting time of the sample, and it increased by 33% from 5 hours to 
10 hours, and it increased by 325% from 10 hours to 24 hours. 
From the Figure (4.13) and Tables (4.25), (4.26) and (4.27), 
results. The carried out investigation shows that early shrinkage is 
greater at laboratory conditions, when cement fineness is more. 
 5.6.2 Under external condition 
From Figure (4.14) and Table (4.28) the course of length 
changes for concrete during the 7 hours of hardening after final 
setting time for more fine sample, the maximum value at 3 hours 
after final setting time, it value being 0.718563 and it may be noted 
that, the process of length change detected since casting for this 
sample. 
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Early shrinkage increasing from casting until 3 hours after 
final setting (by 11% from two to three hours) with time and rise of 
air temperature, then early shrinkage decreased by 13.3% (from 3 
hours to 7 hours), with time and reduce of air temperature, its 
minimum value being 0.522754 at 7 hours after final setting time at 
temperature 24.5 ºC. 
On Figure (4.14) the course of length changes for concrete 
during the 7 hours of hardening for control sample is shown. Its 
evident from the diagram and Table (4.29) that, maximum length at 
4 hours from the final setting time of sample, its value being 
0.047904, and maximum swelling occurs approximately after 7 hours 
from the final setting time of sample.  On this sample the process of 
early shrinkage did not start since the casting concrete sample, 
process is started after 2 hours after final setting time, and the 
process of swelling started since casting of this sample. The process of 
early shrinkage continue and increased by 20% (from 3 hours to 4 
hours Table (4.29)), with time and rise of air temperature, and its 
evident from the Table (4.29) the maximum value of early shrinkage 
occurs at maximum value of air temperature, and the process of 
early shrinkage decreased by 141% (from 4 hours to 5 hours), with 
time and reduction of air temperature, that means the course 
changes of air temperature played role on the process of length 
changes. The process length change continue and started another 
process after 5 hours from the final setting time and swelling takes 
place and increased by 398.4% (from 6 to 7 hours) with time and 
reduction of air temperature. 
On Figure (4.14), the course of length changes for concrete 
during the 7 hours of hardening after final setting time for coarse 
sample, the maximum value at three hours after final setting it value 
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being -0.199601, its evident from diagram, the process of swelling 
started since casting concrete sample, the maximum value of swelling 
takes place after 7 hours from the final setting time, its value being –
0.259481 and minimum value of swelling at 3 hours after final setting 
time, it value being –0.0998. On the Figure (4.14) its evident from the 
diagram for coarse concrete sample that the process of length change 
(swelling) occur since casted concrete sample the process of swelling 
decreased by 50% (from 2 to 3 hours), with time and rise of air 
temperature until 3 hours from the final setting then process 
continue, swelling increased by 76% (from 3 to 4 hours) and by 47,7 
(from 4 to 7 hours), with time and reduce of air temperature. That 
means air-temperature played role on length change by loss of water 
by evaporation from the surface of the concrete. 
The results of the measurements proved, that an increases of 
Blaine fineness of cement increase early shrinkage of concrete, and 
decrease of Blaine fineness of cement increased swelling of concrete 
and rise of temperature accelerate this process under external 
condition in the studied period of hardening. 
5.6.3 Lab. & external condition 
Table (4.33) and Figure (4.15) studied and compared results of 
early shrinkage at laboratory and external conditions. 
The values of finer sample at external conditions, is more than twice 
that, of the values of finer sample at laboratory conditions at same 
Blaine fineness. It was more by 153.1 % at 2 hours, by 109 % at 3 
hours and by 39.2 % at 7 hours from the final setting time. 
The values of control sample at laboratory conditions were 
more than that of values of control sample at external conditions at 
same Blaine fineness. 
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On Figure (4.15) the values of coarse sample at laboratory 
conditions were more than that of values of coarse sample at external 
conditions. 
From Figure (4.15) indicated, the air temperature has no direct 
affect on the values of early shrinkage, when comparing results at 
laboratory and external conditions, temperature accelerates the rate 
of length change in each sample.                                            
5.7 Creep 
This experiment present measurement of creep change for 
cement concretes. Thermometers, and digital apparatus measured 
the temperature and relative humidity. The investigated mixtures 
were made of OPC for concrete cylinders. The composition of the 
mix design is given in chapter 4. Measurements were carried out at 
temperature of 30-35 ºC and relative humidity of 18-22%. 
Investigations lasted for 12 weeks. 
From Table (4.35) and Figure (4.16), the creep of concrete was 
greater for the finer sample than control sample and coarse sample, 
the 3 days creep of finer sample is more than twice that of control 
sample, it increased by 66,6%, when Blaine fineness was increased by 
9.7%. The 3 days creep of control sample was more than coarse 
sample; it was increased by 80%, when Blaine fineness was increased 
by 9 %. The rate of increase of creep continue by time, and after 
7days of load applied the creep of more fine sample was more than 
control sample, it increased by 152 %, by the same percent of 
increasing of fineness. The 7 days creep of control sample was more 
than coarse sample; it increased by 72.4%, by the same percent of 
increase in fineness at 3 days (9%). At 7th week of load applied, creep 
of finer sample was more than that of control sample; it increased by 
135.8%, when Blaine fineness was increased by 9.7%. The 7th weeks 
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creep of control sample was more than creep of coarse sample; it 
increased by 100%, when Blaine fineness was increased by 9%. At 
12th week from load applied the creep of finer sample was more than 
control sample; it increased by 157.5%, when Blaine fineness was 
increased by 9.7%. The 12th week creep of control sample was more 
than the coarse sample it increased by 86.04%, when Blaine fineness 
was increased by 9%. 
Its evident from diagram (4.16), creep of concrete increase with 
increases Blaine fineness of the cement and time.  
  COUTINHO, (24) does not agrees with result on Figure (4.16), 
he reported, ordinary Portland cement had greater creep if coarsely 
ground than if finely ground. This is as theoretical because 
COUTINHO report has not included figures or tables of results. 
  TROXE, RAPHAEL and DAVIS (28) agrees with Figure (4.16) 
and agrees with COUTINHO for low heat cement and not ordinary 
cement, because TROXE and RAPHAEL, indicated that the effect of 
fineness was different for low heat cement to that for ordinary 
cement. They found that in the case of low heat cement the creep with 
coarse grinding was 30% percent greater than that for fine grinding 
but with ordinary cement creep was greater for fine grinding than 
for coarse grinding.  
  BENNET and LOAD, (25) agrees with Figure (4.16) they made 
tests on creep of concrete made with Portland cement of three 
different grades of fineness, but of similar composition except 
gypsum content, over period up to four and half year. The results 
indicated that there is an increase of creep with finer cement. Also 
results indicated that at early ages the creep of fine cement concrete 
(1 to 3 mix) is greater of concrete made with coarse cement, but that 
at an age of 1000 days. The different between the research of BENET 
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and LOAD and research on Figure (4.16) gypsum content was kept 
constant in three samples and research duration up to 90 days, both 
results are agreed. 
On other hand, COUTINHO not only disagrees with result on 
Figure (4.16) but also, he rather surprising of results of BENET and 
LOAD that, creep should be only slightly affected by such 
tremendous difference in fineness of cement. COUTINHO, continue 
this perhaps due to the fact that specific surfaces were compared, and 
not the grading of cement particles. 
  NEVILLE (29) agrees with results on Figure (4.16), NEVILLE 
introduced two cases type I and type IV cement, on the case of type I 
cement concrete, creep was found to be greater the finer the cement, 
at 50 days under load, when Blaine fineness was increased by 69.2%, 
creep was increased by 25.6%. 
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CHAPTER SIX 
CONCULATIONS AND RECOMMENDATIONS 
6.1 Strength 
On the basis of the results obtained and discussed in chapter 
(4) and (5), the following conclusions & recommendation are drawn: 
1. Increase Blaine fineness of cement increased 3, 7 and 28 days 
compressive strength and the rate of increasing 28 days strength is 
less than 7 and 3 days compressive strength. 
2. By increasing percent of fineness, the relative gain in 90 and 180 
days strength is significantly reduced. 
3. Increasing fineness of cement affects more at early strength and 
for a rapid development of strength high fineness is necessary.  
6.2 Rate of heat of hydration 
1. Increasing cement fineness increases the rate of heat generation. 
The primary problems in hot weather concreting related to the 
increased rate of cement hydration and evaporation of moisture from 
fresh concrete; which both increase the water demand. 
2. Cement should be chosen that have been tested and performed 
well under similar conditions. When using fine cement, the mix 
should be designed for the highest expected concrete and ambient 
temperatures. 
3. For massive concrete members, its advisable to compute their 
temperatures, and ambient temperature when using finer cement. 
4. Both cement and water content should be kept low. Lower cement 
content will reduce the peak concrete temperature, which will reduce 
the possibility for cracking accordingly. When the peak concrete 
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temperature is decreased, thermal expansion and cracking also 
decreased.  
5. Chemical and mineral admixtures can be used to improve concrete 
properties (water reducer is to decrease the water demand of a 
concrete mix).       
6. For coarse sample, until age of 15 hours of starting experiment 
most of heat was generated (74.6%) from total heat at 3 days. 
7. For control sample, until age of 15 hours of starting experiment 
most of heat was generated (67.9%), from the total heat at 3 days. 
8. For finer sample until age of 15 hours of starting experiment most 
of heat was generated (60.3%), from the total heat at 3 days. 
9. For coarse sample, at 3 days 55.6% was generated of the total heat 
of hydration at 7 days. 
10. For control sample, at 3 days 48.02% was generated of the total 
heat of hydration at 7 days. 
11. For finer sample, at 3 days 45.2% was generated of the total heat 
of hydration at 7 days. 
12. Increasing cement fineness has no affect on total heat of 
hydration at 7 days. 
   
6.3 Workability 
1. Results of measurement for three samples proved that the different 
behaviors of concrete, that workability related to Blaine fineness of 
cement, slump decreased when Blaine fineness of cement increased. 
2. When using fine cement, the increased rate of cement hydration 
causes the concrete temperature to rise and slump loss to increase, 
also when using fine cement in hot weather, the fresh concrete will set 
in a shorter time compared to normal conditions. The quick setting 
decreases workability during handling, consolidating, and finishing. 
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3. During the production of concrete, its important to have reliable 
workers and equipment to reduce mixing time and improve the 
concrete quality. 
4. To control the rate of cement hydration, the raw materials and 
fresh concrete can be cooled. 
5. Another possible way to control the weather conditions is for 
placement to take place at night. Exposure to solar radiation is 
eliminated and air temperatures are usually lower.   
6. Greater fineness was found to improve the cohesiveness of concrete 
mix. 
7. Blaine fineness of cement affected the water content of the mix, at 
coarse range of cement increased water in concrete mix and at finer 
ranges decreased water in concrete mix. 
 
6.4 Segregation 
1. Bleeding of cement concrete decreased as the fineness increased. 
2. The process of decreasing bleeding is quickly at coarse range than 
its fine range.  
3. Blaine fineness of cement affect on water content of concrete mix, 
increasing of cement fineness decreased water content. 
4. The carried out investigation showed that, the measuring system is 
not sufficiently sensitive to determine bleeding in one sample, 
because the quantity of absorption accumulated bleeding determined 
by visual estimation after vibration, the carried out investigation 
showed the convenience of the chosen method to follow and to 
compare bleeding volume in three different samples.  
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6.5 Plastic shrinkage 
1. Maximum value of swelling takes places approximately since the 
process of hardening started particularly coarse sample. 
2. The maximum value of shrinkage occurs after 24 hours from the 
final setting time of all three samples of different fineness at 
laboratory conditions. 
3. The carried out investigation showed that early shrinkage is 
greater at laboratory conditions when cement fineness is more. 
4. An increase of Blaine fineness of cement increased early shrinkage 
of concrete, and decrease Blaine fineness of cement increased 
swelling of concrete and rise of air temperature accelerate this 
process under external conditions. 
5. The air temperature has no direct effect on the values of early 
shrinkage; temperature accelerated the process of increasing or 
decreasing length change for each sample. 
6. When using fine cement, a major problem with fresh concrete in 
hot weather is plastic shrinkage, which occurs during curing when 
the rate of evaporation is greater than the bleeding rate. Cracks 
develop on the concrete surface because the surface moisture 
evaporates causing it to dry and shrink before adequate tensile 
strength is developed. 
7. Lower cement content will reduce the peak concrete temperature, 
which will reduce the possibility for cracking accordingly. When the 
peak concrete temperature is decreased, thermal expansion and 
cracking is also decreased.   
8. Chemical and mineral admixtures can greatly improve concretes 
resistance to plastic shrinkage and cracking in general. 
9. Plastic shrinkage can be reduced by controlling the hot weather 
condition for placement to take place at night. 
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10. Additional moisture protection is necessary to allow the cement 
hydration process to continue to completion. It is important to keep 
the concrete surfaces saturated so they dry the same rate as the 
concrete interior. 
11. Thermal protection against thermal shrinkage cracking should be 
provided it the concrete will be exposed to large temperature drops. 
12. The carried out investigation showed the convenience of the 
chosen method to follow length changes of concrete in the first phase 
of hardening. The measuring system is sufficiently sensitive.   
6.6 Creep  
On average an increase in cement fineness increase creep up to 
0.206 mm   
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6.7 Further work 
 
In this research the effect of fineness between 2935 to 3512 cm2/g on 
strength, heat of hydration, workability, bleeding, plastic shrinkage 
and creep is investigated. Recently cement of high fineness is 
common, it’s recommended to investigate the effect of cement of very 
high fineness, on properties above, performance and durability 
taking into account the hot weather in Sudan.   
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